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PREFACE TO SIXTH EDITION 


This edition represents a thorough revision without essentially 
changing the basic organization and purpose of the book. In so doing 
the author has constantly kept in mind the necessity for presenting only 
enough descriptive facts, explanations, and discussions of interpretations 
to give the student a real foundation for a general understanding of the 
panorama of the ages as revealed in the rocks. 

As heretofore, it is taken for granted that the student has a fair 
knowledge of the facts and principles of geology as usually taught in a 
first course in geology. 

The Appendix contains simple outline classifications of plants and 

™ ^ in the course, be required to be 

reasonably familiar with the material there presented as a basis for gain¬ 
ing a proper understanding of the history and evolution of plants and 
animals. 

Many hundreds of changes have been made in the printed text. 
These range from very minor ones to others involving rewriting of 
numerous large and small sections, addition of new material in many 
places, and deletion of short and long statements in many other places. 

Among the many new topics introduced in this edition are: The 
Grand Canyon of Arizona—A Lesson in Earth History; Collecting 
Fossils; Theory of Continental Drift; Diastrophism Through Geologic 
Time; The Earth’s Interior; Trenton Group and Time: Raymond’s idea 
of pre-Cambrian life; Franciscan Geosyncline; Cordilleran Geanticline;.' 
Gulf Coast Geosyncline; Cordilleran Revolution: examples of Tertiary-' 
lakes; Ventura Basin; Faulut System of Western California; Geologic 
Effects of Glaciation: new theories on causes of the Ice Age; and Geo¬ 
logic History of the Sequoias. 

More than loo illustrations appearing in the fifth edition are not 
shown m the new edition. Many illustrations from sa-rlter editions are 
retained because they still serve their purpose so well. Change, merely 
for the sake of change, has not been favored. 

About 90 half-tone pictures appear for the first time. Also a number 
of the former pictures have been enlarged. 
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PREFACE TO SIXTH EDITION 


The “bleed” method has been used for reproduction of about 35 of 
the half-tone pictures thus increasing their size beyond the page print 
and improving their illustrative value. In most cases, however, the 
somewhat smaller pictures are adequate for the purposes intended. 

Twenty-eight entirely new line-cuts are used. A few of these replace 
former subjects. 

All of the 21 paleogeographic maps, and the 8 rock distribution 
maps, have been thoroughly revised in the light of up-to-date sources of 
information. 

The book now contains 404 illustrations instead of the former 372. 

All correlation tables, beginning with the Cambrian, have been newly 
prepared with data largely from papers recently published by the Geo¬ 
logical Society of America. It is not intended that these tables should 
be committed to memory. The purpose is to show how each rock system 
is subdivided in a few representative regions. Only enough of the for¬ 
mations or groups of formations are described in the text to give the 
student a fair idea of the nature and origin of the rocks which contain 
the historical records period by period. This is in accordance with the 
fact that, in dealing with such a vast subject, we can only sample the 
record. 

One chapter dealing with Earlier Paleozoic Life and another with 
Later Paleozoic Life have been combined in a single chapter on Paleozoic 
Life for the sake of better continuity, thus conforming with the chapters 
on Mesozoic Life and Cenozoic Life. 

Each statement on foreign geologic history has been revised, with 
attention largely confined to Europe. 

Many individuals and institutions have given generous aid in the 
preparation of the sixth edition of this book. Among the institutions, 
special thanks are due: U. S. Geological Survey; Smithsonian Institu¬ 
tion, especially to G. A. Cooper; American Museum of Natural History; 
Chicago Natural History Museum; Buffalo Museum of Science; U. S. 
National Park Service; U. S. Forest Service; and California Division of 
Mines. 


March, ig$2 


William J. Miller 


PREFACE TO FIRST EDITION 


It is the author’s hope that this book may find a place as a class-book 
dealing with the historical geolog>’ portion of a one-year course in general 
geology, and that it may also serve as a text for special courses in histori¬ 
cal geolog>'. An elementary knowledge of what is generally comprised 
under dynamical and structural geology is presupposed. It is assumed 
that a proper amount of laboratory and field work will be pursued in 
connection with the text. 

It will be seen that more introductory space is devoted to a discussion 
of the broad fundamental principles of historical geolog>’ than is cus¬ 
tomary in textbooks. The experience of the author has been that care¬ 
ful attention to these general principles at the beginning of the subject is 
well repaid in satisfaction to both teacher and student when the great 
events of earth history are taken up in regular order. 

A definite plan is strictly adhered to in the discussion of each period 
from the Cambrian to the Tertiary inclusive. Such definiteness of pre¬ 
sentation, in spite of some objections which may be raised against it, 
should greatly aid the beginner, who must constantly compare periods 
and note the important changes in the evolution of both land-masses and 
organisms. The topical arrangements are such that any desired com¬ 
parisons can be readily made. A plan of treatment, the same for both 
the Archeozoic and Proterozoic eras, permits a ready comparison of these 
two. By the very nature of the subject-matter, a somewhat more special 
method of discussion has been necessary for the Quaternary period. 

Important features are the summaries of Paleozoic and Alesozoic 
history which will aid the student in fixing in mind the salient points in 
the history of those two great eras. It is believed that the two tabular 

summaries—one of Paleozoic life and the other of Mesozoic life_will 

be helpful. Group by group and period by period, from the Cambrian 
to the Cretaceous inclusive, the principal evolutionary changes in organ¬ 
isms are brought before the student at a glance by the use of these tablcs.f 

Students beginning the study of geology usually have either very little 
knowledge of biology or their study has not emphasized the classification 
of organisms. The evolution of organisms is a fundamental considera- 

vii 
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tion in the study of earth history, and the instructor finds it well-nigh 
necessary to present to his classes outline classifications of plants and ani¬ 
mals accompanied by brief descriptions of the more common types. Such 
matter is presented in the first chapter of this book. 

In certain texts, especially those portions dealing with historical geol¬ 
ogy, there is a tendency to overwhelm the student by the introduction of 
a multiplicity of technical terms, especially the names of fossils. The 
present author’s idea has been to reduce such terms to a reasonable mini¬ 
mum required for a proper understanding of the great principles of earth 
history. The genus and species names accompanying illustrations are 
given in the interest of scientific accuracy and with no thought that these 
arc to be remembered by the student. 

Various distinctly appropriate illustrations, more or less familiar be¬ 
cause of their appearance in other textbooks or manuals of geology, 
have not been abandoned merely for the sake of something new or dif¬ 
ferent. Many of the illustrations, however, appear in a textbook here 
for the first time. Among the numerous original sources of illustrations, 
particular mention should be made of the publications of the United 
States Geological Survey, the New York State Museum, The American 
Museum of Natural History, and the Maryland Geological Survey. 

Tlie Macmillan Company, Henry Holt and Company, Ginn and 
Company, D. Appleton and Company, and John Wiley and Sons have 
generously allowed the use of various cuts. Careful attention has been 
given to the selection of only such views, fossils, diagrams, and maps as 
would systematically illustrate the text without overdoing this feature of 
the book. 

The author is under particular obligation to Professor Bailey Willis 
of Stanford University for the use of his excellent series of paleogeo- 
graphic maps of North America. These maps, together with his U. S. 
G. S. Professional Paper 71, have proved to be veritable storehouses 
from which to draw in the preparation of the manuscript of this book. 

The well-known manuals and textbooks of geology, especially those 
by Dana, Chamberlin and Salisbury, Pirsson and Schuchert, LeConte, 
Scott, Norton, Blackwelder and Barrows, Geikie, Kayser, and De Lap- 
parent, have been freely consulted, and due acknowledgment is here 
made for the help derived from these sources. 

Among those who have read portions or all of the manuscript are 
the following: Dr. J. M. Clarke and Mr. C. A. Hartnagel of the New 
York State Museum; Professors W. B. Clark and C. K. Swartz and 
Mr. E. W. Berry of the Johns Hopkins University; and Dr. L. W. 
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Stephenson of the United States Geological Survey. Special acknowl¬ 
edgment is made to these men for valuable suggestions and criticisms, 
but the author holds himself strictly responsible for all errors the book 
may contain. 

William J. Miller 

Smith College, 

Northampton, Mass., 

August, 1916 
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CHAPTER I 


Introduction 

General Statement. One of the most impressive triumphs of li o 
human mind has been the discovery of the great antiquity of the earlli. 
Of the vast hordes of people who have lived on planet Earth, only a small 
fraction of one per cent have had any conception of its tremendous age 
or of the stupendous physical changes which have affected its outer crust. 
Only during the last two or three centuries has scientific research un¬ 
covered unequivocal evidence that the earth is hundreds of millions of 
years old, and probably more than two billions. An amazing number 
of events which took place during this vast stretch of time have been 
revealed by the methods of geologic study. 

The mountains and valleys, the rivers and lakes, the deserts and 
humid regions, and many other physical features, as well as the species 
of plants and animals as we see them today are comparatively young 
developments on the face of old “Mother Earth.” Such features repre¬ 
sent but a single phase of a very long continued history. During the 
lapse of those geologic eons not only have numerous revolutionary 
changes in earth features occurred, but also there has been a vast succes¬ 
sion of living things which, from early known time, have gradually 
evolved from simple to more and more complex forms. Here, as in all 
nature, ceaseless change is a cardinal principle. Also, earth changes are 
now going on, probably as much as ever before. 

Historical geology deals with the records of events of earth history 
including the history and evolution of plants and animals of past ages. 
Its object is to arrange these events in the regular order of their occur¬ 
rence and to interpret their significance. The historical records are 
preserved in the rocks of the crust of the earth, the layers (or strata) of 
which have been likened to the leaves of a great book. At many places 
the pages of this vast “nature book” contain remarkable records and 
illustrations, while at others they are comparatively barren. 

The Grand Canyon: A Lesson in Earth History. A person 
with no geologic knowledge, standing at the rim of the Grand Canyon of 
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Fig. 2. A diagrammatic profile section showing the geologic relations, kinds, thicknesses, colors, and fos¬ 
sil content of the formations in a wall of the Grand Canyon much like that of Figure i with which 
it should be compared. (Slightly modified after L. F. Noble, U. S. Geological Survey.) 
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HISTORICAL GEOLOGY 


Arizona, would of course be greatly impressed as he gazes into this 
mighty gash in the earth's crust. He would, however, completely miss 
the thrill of understanding something of the geologic processes involved 
in bringing the canyon into existence. A person knowing something 
about these processes would not only be impressed by the length and 
width and depth of the canyon, and its wonderful coloring and rock 
forms, but also he would look into it with a real degree of understanding: 
how the rock formations, representing more than a billion years of his¬ 
tory, were formed; how the Colorado Plateau which contains the canyon 
was once a lowland with the Colorado River pursuing a sluggish, mean¬ 
dering course on that surface; and how, in the most recent period of 
geologic time, that extensive lowland was uplifted thousands of feet with 
a southwestward downtilt thus reviving the Colorado River, the swift 
waters of which excavated the mighty canyon. This is but one example 
showing how great or small landscape features may be looked upon with 
real understanding only in the light of geologic facts and history. 

Accompanying Figures i and 2 clearly show the kinds, arrangement, 
and ages of the rocks exposed in the Grand Canyon. These rocks, rang¬ 
ing in age from Archeozoic to Late Paleozoic,^ are almost diagrammat- 
ically shown in a wall of the canyon. The Archeozoic rocks are mainly 
metasedimentary schists cut irregularly by nearly white granitic rock 
called pegmatite. After the Archeozoic rocks were profoundly eroded 
and reduced to a peneplain surface, the Proterozoic strata were deposited 
upon that surface. Then the region was uplifted, tilted, and deeply 
eroded. The gentle dip of the Proterozoic strata dates back to that 
time. Next, deposition of Paleozoic sediments began on that old erosion 
surface very early in the era and continued until strata of that age were 
several thousand feet thick. These have been but little disturbed from 
their original horizontal position. Figure 2 gives a good idea of the 
nature, subdivisions, and fossil content of the Paleozoic strata. The 
fossil trilobites found toward the bottom of the pile are characteristic of 
very Early Paleozoic time, while the marine shells in the uppermost 
formation indicate a Late Paleozoic age. How fossils are thus used is 
explained in Chapter III. 

In various other parts of the world important rock divisions, and 
many of their subdivisions, may be seen piled up or arranged in regular 
order of age, and relatively little changed or disturbed from their original 
condition or position. Usually, however, rock assemblages, representing 
great geologic time ranges, are in varyingly folded, faulted, or altered 

^The main di\-isions of geologic time are shown in the table in Chapter 11. 
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condition, thus making it more difficult to unravel the historical records 
which they contain. In many cases the record is so good that a single 
stratum or small outcrop can be proved definitely to represent an ex¬ 
tremely short part of geologic time. In other cases the records are often 
not so clear. 

Important Conclusions in Regard to Earth History. In order 
that the reader may, early in his study, get a better idea of the scope 
and nature of the subject, the following summary of important conclu¬ 
sions derived from a study of earth history is here presented. Evidence 
in support of these conclusions will be found in this book. 

1. The age oj the earth must be measured by hundreds of millions 
of years. One great mountain range after another has been built up 
and then worn away by erosion. IMany scores of thousands of feet (in 
thickness) of strata have accumulated by deposition of sediments slowly 
derived by the removal of many thousands of feet of materials from the 
lands. These and various other facts force us to the inference of a vast 
antiquity for the earth, probably no less than two billion years. 

2. The physical geography of the earth has tinder gone many great 
and small changes during geological time. For example, hundreds of 
millions of years ago, during the Ordovician period, a shallow sea spread 
over a large part of what is now North America. Or where the Sierra 
Nevada Range now stands was once sea bottom. 

3. All, or nearly all, of the surface of the lithosphere has at some time, 
or times, been covered by sea water. Stratified rocks of marine origin 
now constitute fully five-sixths of the exposed surface of the lithosphere, 
and it is certain that from most, at least, of the remaining surface such 
stratified rocks have been removed by erosion. 

4. Sedimentary rocks, or strata, have been deposited, and igneous 
rocks, both volcanic and plutonic, have been emplaced on large and small 
scales somewhere on or in the earth during every known period of 
geologic time. 

5. Continental areas were never submerged under deep sea water. 
This is proved by the facts that even the oldest known rocks contain 
much land-derived sediment of comparatively shallow water origin and 
that there are no deposits which show that great oceanic abysses ever 
extended across what are now continental areas. Much evidence points 
to an early development of oceanic basins and continental masses which 
have occupied essentially the same positions to the present time. 

6. Repeated submergence under the sea and emergence into land 
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have affected many large and small areas during geologic time. Ero- 
sional surfaces, called unconformities, separating rock masses indicate 
such changes. 

7. During geologic time there has been a general tendency for the 
continental masses to become higher and grander. There have been 
many oscillations of level, accompanied by transgressions or retrogres¬ 
sions of the sea, but the processes of elevation (relative to sea level) have 
been predominant, while, at the same time, the ocean basins have become 
generally deeper. The high elevation and great topographic diversity of 
the present-day lands seem to be unusual as compared to earlier periods 
of clearly recorded geological time. 

8. During geologic time there has been no great^ general change or 
evolution of climatic conditions from warmer to colder^ wetter to drier, 
or the reverse. This is proved by the nature and origin of sedimentary 
rocks which imply ordinary conditions of weathering, erosion, and 
deposition. There must have been rainfall to supply streams which 
carried sediments into bodies of water. Vicissitudes of climate have, 
however, been common. Thus certain areas once warm became cool, 
while others once dry became humid. More exceptionally, conditions 
were sometimes favorable for the development of glaciers. 

9. Organisms inhabited the earth hundreds of millions of years ago. 
All but possibly the very oldest known rocks contain traces or remains of 
organisms. 

10. Life once started has never ceased to exist. “It is perhaps one of 
the most remarkable facts established by geology that, in spite of the 
physical changes which we know to have occurred, the chain of life has 
never snapped in all the hundreds of millions of years through which its 
history has been traced” (W. W. Watts). 

11. Throughout the known history of the earth organisms have con¬ 
tinuously changed. Each epoch of earth history or series of strata has 
its characteristic assemblage of animals and plants. The more ancient 
strata contain no species like those living today, the latter being found 
only in rocks of comparatively (geologically) recent, date. Further, 

the organisms which inhabited the earth during any geological epoch 
were descended from organisms of preceding epochs” (W. H. Norton). 

12. The change in organisms has been generally progressive. In 
early geological time the animals and plants were comparatively simple 
and low in the scale of organization and structure, and through the suc¬ 
ceeding epochs higher and more complex types gradually developed 
until the highly organized forms of the present time, culminating in man, 
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were produced. It should be remembered, however, that not all change 
in organisms has been progressive, but rather only the general trend. 

13. The evolution of life has not been uniform. “There have been 
periods of waxing and waning (among living things) which may be 
attributed to geographical, climatological, and biological influences. . . . 
Many factors have been of importance in quickening or checking com¬ 
petition, and in accelerating or retarding the evolution of life” (W. W. 
Watts). A good example is found in the dinosaurs which began early 
in the Mesozoic era, reached a climax of development, and became 

extinct by the close of the same era. 

14. No species once extinct has ever reappeared. Numerous im¬ 
portant species have lived through many epochs of geologic time, while 
others have had only brief existence. In no case, however, has a species 
that has once become extinct been known to reappear. The record of the 
rocks is literally strewn with countless species of plants and animals 

which have long since been extinct. 

15. While higher and higher types have developed during geologic 

time, many of the earlier and simpler general types have persisted. Thus 
foraminifers, which are exceedingly simple, single-celled animals, have 
lived in the sea from early geologic time to the present. 

16. The broader or larger biological groups of organis^ns have per- 
sisted longer than the smaller. No subkingdom has ever become extinct, 
though species frequently have not outlived even a single geological 
epoch. As a rule, genera have survived longer than species, orders 

longer than genera, etc. 

17. The life history of the individual tends to recapitulate the evolu¬ 
tion or history of the race. Thus a frog, which is a typical amphibian, 
shows certain fishlike characters during its individual development, such 
as gills and tail, which are lost by the time the adult stage is reached. 
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GEOLOGIC TIME 


Classification of Geologic Time. We shall soon learn how the 
rock formations of various parts of the earth may be correlated and 
built up according to their natural order of age into a standard for com¬ 
parison or a geologic column. The subdivisions of the geologic column 
represent the times when the successive rock formations were deposited. 
Names have, from time to time, been assigned to these divisions, and 
the names of the larger divisions are in more or less general use. 

For a long time the subdivisions of the geologic column were made 
almost solely on the basis of marked differences in fossils, but it is now 
recognized that such differences were, in no small degree, caused by cor¬ 
responding changes in the environment in which the organisms lived, or, 
in other words, by changes in the climate, the topography, the relations 
of land and sea, etc. So we now try to divide the geologic record at the 
points where the revolutionary physical changes are indicated, and to 
make corresponding divisions of geologic time itself. Thus there are two 
kinds of divisions—one for the rocks themselves, and the other for the 
time represented by the rocks. 

The following time and rock scales are in general use in the United 
States. Following these scales, there is presented the table of main 
geological divisions as now recognized in North America. 


Time Scale 

Era. 

Period. 

Epoch. . 
Age 


Rock Scale 
Rocks 
.... System 

.Series 

.Formation 


The names of eras follow a definite plan depending upon the great 
life stages. Thus Archeozoic means literally “primitive or beginning 
life”; Proterozoic means “earlier or less primitive life”; Paleozoic means 
“ancient life”; Mesozoic means “intermediate life”; and Cenozoic means 
recent life,” The period names do not follow such a definite plan of 
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e.aA 


PERIODS 

PHYSICAL EVENTS IN 
NORTH AMERICA 

Quaternary | 
( 

iVidosproad rejuvenation 
ind erosion 

Periodic extensive glaciations 

Doast Range revolution 

Tertiary 

Many physical disturbances 

Great vulcanlsm In the w&^t 
Marine conditions over continen- 
uU margins only 

Cretaceous 

Rocky Mountain revolution 

A great western-interior sea 
Important chalk deposits 

Jurassic 

Slerm Nevada revolution 
Widespread erosion 

Some red beds In western-1 ntertor 
Marine conditions on west coast 

Trlasslc 

Widespread arid climate with 
^reat deposits of red beds 

Marine conditions and much 
vulcanlsm on west coast 

Permian 

Appalachian revolution 

Some red beds in western-tntenor 
Great salt beds in western-interior 
Extensive sea In the west 


nnsylvanlan 

Ouachita revolution 

Warm, humid climate with a 
profusion of coal-inaking plants 
Extensive sea In the west 

MLssUslpplan 

Ouachita disturbance 

Two large marine transgressions 

Devonian 

1 

1 

• 

1 

Acadian revolution 

One great marine transgression 

Silurian 

Three great marine transgressions 
Great limestone deposits 

Great salt beds In the 

Ordovician 

Taconlc revolution 

Three great marine transgressions 
Very extensive limestone deposits 

Cambrian 

Green Mountains disturbance 
Two great marine transgressions 
Exteaslve deposits of clastic 
sediments 

Keweenawan 

Extensive glaclatloo 

Killaroey revolution 

Great vulcanLsm In the Lake 
Superior region 

Hurontan 

Great Iron-ore deposits 

Earliest Known glaciation 

Great sedimentary deposits 

Timlskamlnj 

AJgoman revolution with great 
z Intrufllona of granite 

Extensive sedimentary deposits 
(all metamorphosed) 

Keewatln 

Laurentlan revolution 

Earliest known sedimentary 
and volcanic rocks 

(all metamorphosed) 


CHARACTERISTIC LIKE 


a 2 

^ c 
a a 


Rise of man 

ModerD plants and animals 


VKAHS 

AGC 


0 

to 

1 , 000.000 


o 

Its 
M - 

< U 


Rise of liiithefit mammals i nnn nnd 

except man Lui^uuu 

9 Great de\*elopment of hUhest 70 ojj (jOO 
3 plants 

o Modernised an^losperms and 
^ Insects abundant 
2 Foramlnifers profuse 
^ Extinction of dinosaurs. 

dying reptiles, and ammonites 

First (reptilian) birds ^ 

Fli^l of highest forms of Insects 70.000.000 
« First (primitive) anglosperms to 

5 Culmination of ammonites 200.000.OUO 

a Earliest dinosaurs, flying 
S reptUo^. marine reptiles, and 
p primitive mammals 
c Cycads and conifers common 
^ Nlodcrn corals common 
Earliest ammonites 
o ■ ■■ 

^ ^ Rise of primitive reptiles 
S 9 Earliest cycads and conifers 
^ ^ Extinction of trilobttes 
2 Amphibians common and varl 

^ First modem corals 
Sk _ - 

§ ^ Earliest known Insects 

^ S Culmination of amphibians 

o § Spore plants abundant and 

c vaiiod 

ti — 

< ei Rise of amphibians 

S Culmination of crlnolds 


Flr^t known seed plants and 
Coreits 

Great variety of boneless fishes 
First evidence of amphibians 
Culmination of brachlopotis 


Earliest known land animals 
Primitive land plants 
Rise of fishes 

nrachlopods. cephalopods. 
trllobltes. cnnolds. and corals 
abundant 

Earliest known vertebrates 
Graptolltcs. corals, crlnolds. 
bryozoans. brachlopods, 
cephalopods. and tiilobites 
abundant 

Oldest recognizable, primitive 
land plants 

_ All subkingdoms of Inverte- 
S brate animals represented 
^Drachlopods and trllobltcs 
^ common 

§ Primitive land*plant spores? 
s Water-dwelling thallophytes 



200.000.000 

to 

500.000.000 


E & 


Primitive water-dwelling 
plants and animals 


5UO.OOO.DOO 

to 

1.000.000. DOC 


Oldest known life (mostly 
indirect evidence) 


1 . 000 . 000.000 

to 

1.800.000.000 
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nomenclature, various ideas being represented. These names will be ex¬ 
plained when the different periods are taken up for discussion. 

Length of Geologic Time, How old are the Archeozoic rocks? 
If we attempt to answer this question in terms of years we encounter 
real difficulties, there being no definitely established, exact standard for 
such measurement or comparison. In any case the time is utterly incon¬ 
ceivable to us, the important thing to bear in mind being that the great 
events of well-known earth-history which have transpired since the for¬ 
mation of the oldest known Archeozoic rocks have required a lapse of at 
least hundreds of millions of years. Among such events have been the 
long, slow, generally progressive evolution of life; the enormous accumu¬ 
lations of sediments at many times and places; the repeated advances 
and retreats of the sea over many parts of the continents; the building up 
and wearing away of mountain ranges at many times and places; as well 
as various other profound changes which have affected the face of the 
earth. On the basis of such geological happenings, an exceedingly con¬ 
servative minimum estimate of the age of the Archeozoic rocks is 500,- 
000,000 years. ^ 

Measurements of time on the basis of radioactivity run much higher. 
In radioactivity a chemical element of higher atomic weight is trans¬ 
formed into one of lower weight. Thus uranium changes through suc¬ 
cessive stages of radium into a certain type of lead. The rate of this 
change is said to be rather accurately known, so that the determination 
of the amount of the special type of lead in minerals containing uranium 
affords a means of ascertaining, with a fair degree of accuracy, the length 
of time that the transformation has been going on. Best for the purpose 
are radioactive minerals which have crystallized from magma. When 
in a molten condition, the products of transformation (including lead) 
are diffused, but when the magma consolidates the lead accumulates 
alongside the radioactive substances, and thus the amount of lead de¬ 
posited is an indicator of the length of time since the magma consolidated. 
Based upon this principle, an age of about 1,000,000,000 to 2,000,000 - 
000 years has been assigned to the Archeozoic rocks; the Paleozoic era 
opened about 500,000,000 years ago; the Mesozoic era about 200000 - 
000 years ago; and the Cenozoic era about 70,000,000 years ago. 

Comparison of Human and Geologic History. One of the 
most striking differences between human and geologic history is the ex¬ 
treme brevity of the one as compared with the vast time represented by 
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the other. Human history is to be measured by some thousands of years, 
while geologic history must be measured by at least scores of millions of 
years. A recent event, geologically speaking, like that of the building 
of the Coast Range Mountains, or the carving of a tremendous canyon 
like the Grand Canyon of the Colorado in Arizona, required some hun¬ 
dreds of thousands, if not a few millions, of years. Human history is 
roughly divided into certain ages according to the predominant influence 
of some person, nation, principle, or force. Thus we speak of the “Age 
of Pericles,” the “Roman Period,” the “Age of the French Revolution,” 
or the “Age of Electricity.” Geologic history is subdivided according to 
great predominant physical or organic phenomena as, for example, the 
“Appalachian Revolution” (toward the close of the Paleozoic era), the 
“Rocky Mountain Revolution” (toward the close of the Mesozoic era), 
the “Age of Fishes” (Devonian period), the “Age of Mammals” (Ceno- 
zoic era). 

Students of earth history, like students of human history, must be 
very careful to make a distinction between events and records of events, 
because by no means all historical events are recorded. Events are con¬ 
tinuous, while their records are usually much interrupted and apparently 
sharply separated from each other. In both geologic and human history, 
times or periods of comparatively quiet and slow change have often given 
way to times of comparatively rapid, to even revolutionary, change. 



CHAPTER III 


FOSSILS 

General Statement. Traces or remains of plants and animals pre¬ 
served in the rocks are known as fossils. The term originally referred 
to anything dug out of the earth, whether organic or inorganic, but for 
many years it has been strictly applied to organisms. Paleontology, 

which means literally “science of ancient life,” deals primarily with fos¬ 
sils. 

It would be difficult to overestimate the value of fossils in the study 

of earth history. They furnish most important evidence regarding earth 

chronology, ancient geographic and climatic conditions, as well as a basis 

for a proper understanding of the evolution, relations, and distribution 
of plants and animals. 

Darwin thought that the stratified rocks contain only a very incom¬ 
plete record of the geologic history of life. Though many thousands of 
species of fossils have been described from rocks of all ages except the 
very oldest, and more are constantly being brought to light, it must be 
evident that, even where conditions of fossilization were most favorable, 
only a small part of the life of any period is represented by its fossils. 
Comparatively few remains of organisms now inhabiting the earth are 
being deposited under conditions favorable for their preservation as fos¬ 
sils. So it has been throughout the long periods of earth history, though 
the fossils in the rocks known and unknown are a fair average of the 
groups of organisms to which they belong. In spite of such imperfec¬ 
tions in the life record, it is, nevertheless, remarkable that so vast a 
nurnber of fossils are embedded in the rocks, and from these we are 

enabled to draw many fundamental conclusions regarding the history 
of life on our planet. 

Preservation of Fossils, i. Preservation of the entire organism 
y freezing. Fossilization by this method is rare, though remarkable 
examples are afforded by extinct species of the mammoths and rhinoc- 
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eroses, the bodies of which, with flesh, hide, and hair intact, have beei 
found in frozen soils in Siberia. 

2. Preservation of onty the hard parts of the organisms. This is a 
very common kind of fossilization in which the soft parts have disap¬ 
peared bv decomposition, while the hard parts, such as bones, shells, etc., 
remain. Fossils of this kind are abundant in rocks of later geological 
time, although original shell material i's frequently found, even in very 
ancient rocks (Figs. 3 and 143). 



Fig 3 A mass of well-preserved sea shells in a piece of rock of Tertiary (Oli- 
gocene) ape from Orepon. Several kinds of pclecypods and gastropods are 
shown, X (Photo by U. S. Grant, IV.) 


3. Preservation of carbon only {carbonization) . This is particularly 
true of plants where, as a result of slow chemical change or decomposi¬ 
tion, the hydrogen and oxygen mostly disappear, leaving much of the 
carbon, but with the original structure often beautifully preserved. Many 
excellent examples are furnished by the fossil plants of the great coal 
(Pennsylvanian) age (Fig. 4). 

4. Preservation of original form only {casts and molds). Fossils of 
this class, which are very abundant, show none of the original material, 
but only the shape or form has been preserved. When embedding sedi¬ 
ment or other material hardens around an entire organism or any part of 
it, and the organic substance then decomposes or dissolves away, a cavity 
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Fig. 4. A carhonizocl fossil fern frond on a piece of Late Paleozoic shale. The 
original plant structure is excellently preserved. Natural size. 


only is left and this is called a mold. Fine examples are the perfectly 
preserved insect molds in the famous amber of the Baltic Sea region. 
I his amber is a hardened resin, the insects having been caught in it 
while it was still soft and exuding from the trees millions of years ago. 
Since then the insect material has almost completelv dried awav, leaving 
the molds. 

A cast may be formed by filling a mold with some substance such as 



Fig. 


5. Early Paleozoic rock split 
an external mold (below) of a 
been dissolved away, X ’-'2. 


open to show an internal mold (above) 
sea shell, the original material of which 


and 

has 
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Fig. 6 . A piece of petrified wood. The original material has been replaced by 

mineral matter (silica). X 'a- 

sediment or mineral matter carried by underground water. .\n impres¬ 
sion of the outer surface of a shell or other organic form left in the rock 
is called an external mold, while the impression of the inner surface is 
called an internal mold (Tif;. 5). Often shell and both molds are pre¬ 
served but more commonlv the shell has been dis.solvcd away. Only m 
rare instances have casts of wholly soft animals, or the .soft |>arts of other 
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Flc. 7 A thin Mice of petrified redwood (Sequoia) of Tertiary ape from yellow- 
stone National Park. The shape., of the cells and their arranpement are almost 
perfectly preserved Mapnified too diameters. (Alter t II Knowiton, U. S. 

Geological Survey.) 



16 HISTORICAL GEOLOGY 

animals, such as the jellyfishes and cuttlefishes, been found in ancient 
rocks. 

5. Preservation of original form and structure (petrifaction). Here 
again we have a common kind of fossilization. When a plant or hard 
part of an animal has been replaced, particle by particle, by mineral mat¬ 
ter, we have what is called petrifaction. Often organic matter, such as 
wood, or inorganic matter, such as a carbonate-of-lime shell, have been 
so perfectly replaced that the original minute structures are preserved as 



Fig. 8. Footprint left by a land animal in Early Mesozoic time, X (Photo by 

U. S. Grant, IV.) 

in life (Figs. 6 and 7). Conditions favorable for the petrifaction of 
flesh seem never to have obtained. 

6. Preservation of tracks of animals. Footprints of animals, made 
in moderately soft mud or sandy mud which soon hardens and becomes 
covered with more sediment, are especially favorable for preservation, 
housands of e.\amples of tracks of great extinct reptiles have been 
ound in the red sandstone of the Connecticut River Valley alone (Fig. 
8). Tracks or trails of clams or similar animals, and burrows of worms 
are also not uncommon in the ancient rocks of the earth. 


Rocks in Which Fossils Occur, i. Land deposits. Old soils 
sometimes contain bones or other organic remains. Peat-bogs are espe- 
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cially favorable for the preservation of fossils, as, for example, the wealth 
of plants directly associated with the resulting coal seams; remains of 
animals, such as frogs, snakes, etc., which inhabited the swamp or bog; 
and the bones of other animals which wandered in and became entombed. 
Cave deposits often cover animal remains, many bones of extinct animals 
even including prehistoric man and the things he used, having been 
found in such deposits. Wind-blown deposits, like dune-sand, loess, and 
desert deposits, may contain plant or animal remains^/ Interglacial de¬ 
posits sometimes contain fossils, as, for example, the layers of vegetable 
matter with occasional bones of animals found in the interglacial deposits 
of the upper Mississippi Valley. Lavas rarely contain fossils, but vol¬ 
canic ash deposited in water may be rich in organic remains, this being 
especially true of certain portions of the western interior of the United 
States. 

2. River and lake deposits. River deposits often carry river forms 
themselves, or land forms which fell into the stream and became en¬ 
tombed in its deposits. Lakes offer very favorable conditions for fossil- 
ization. ^‘Surrounding trees drop their leaves, flowers, and fruit upon 
the mud-flats, insects fall into the quiet waters, while quadrupeds are 
mired in mud or quick-sand and soon buried out of sight. Flooded 
streams bring in quantities of vegetable debris, together with the car¬ 
casses of land animals drowned by the sudden rise of the flood (W. B. 
Scott). 

3. Marine deposits. By far the largest number and variety of or¬ 
ganic remains are found in rocks of marine origin, because on the sea 
bottom the conditions for their preservation have been most favorable. 
The distribution of fossils in strata of marine origin is, however, exceed¬ 
ingly irregular, ranging from those strata which are almost entirely made 
up of fossils to others which are nearly barren. Longshore deposits are 
usually not rich in fossils, because of the grinding action of the waves, 
while deposits formed in the quiet waters off shore often contain vast 
numbers of fossils. Many conditions have produced great diversity in 
the distribution of marine organisms throughout known geologic time: 
temperature, depth of water, supply of food, degree of salinity, nature of 
the sea bottom, clearness of the water, etc. The oldest fossiliferous 
strata seem to contain practically no land forms, probably because land 
forms were but slightly, if at all, developed so early. In marine strata 
of more recent date terrestrial organisms are often found, especially in 
delta deposits, where such remains have been swept into the sea at the 

mouths of rivers. 
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Collecting Fossils. ‘^Hunting for, and collecting, invertebrate 
fossils requires no particular preparation or equipment, although the 
person who knows what he is looking for usually finds the best speci¬ 
mens. and a certain amount of skill is required if it is necessary to break 
them from the rocks. The paleontologist is often asked how deep one 
has to dig to find fossils. As a matter of fact, one seldom does any dig¬ 
ging unless a particular layer is found to be so productive that it is worth 
while to remove other layers to get at it. If sedimentary rocks had been 



Fig. 9. Detail view of an outcrop of nearly horizontal beds of limestone of Ordo¬ 
vician age, several hundred million years old. This rock, deposited on the sea 
bottom, consists largely of fossil shells and shell fragments of invertebrate 

animals, many of them similar to those shown in Figure 10. Near Wells, New 
York. 

left by nature in the position in which they were laid down, with the 
older buried beneath the younger, it would be necessary to dig deeply 
to obtain representatives of the more ancient faunas, but there are (rel¬ 
atively) few strata, except those deposited in the deep oceans, which have 
not been subjected at some time to folding, faulting, and uplift, so that 
rocks of all ages appear at the surface at one place or another. To find 
their fossils it is only necessary to visit the exposures in cliffs, along the 
sides of ravines, in stream beds, quarries, and excavations along railroads 
and highways. In some cases one must break the fossils from the rocks 









FOSSILS 


19 


which contain them, but the best specimens are those which, through 
the action of frost, rain, alternations of heat and cold, or other natural 
causes, have been freed, or as it is called, weathered from the ma¬ 
trix. . . . 

“Although invertebrate fossils are common and fully as worthy of 
study, the ones which attract most attention are the larger and more 
showy bones of the vertebrates. These are seldom found or collected 



Fic. lo. Middle Cambrian trilobites and other related fossils about 450,000,000 
years old. They are remarkably preserved on a slab of shale from the quarry 
in the Burgess shale formation. Trilobites were among the most highly organ¬ 
ized animals of this very Early Paleozoic time, no vertebrates of that age being 
known. About one-half natural size. Near Field. British Columbua. (After 
Walcott) courtesy of the Smithsonian Institution, Washinj:ton, D, C.) 

except by trained men who go to the regions where thej' are known to 
occur. Occasional specimens are found by people not professionally en¬ 
gaged in their study, but these are apt to be ruined by the zealous col¬ 
lector who is overanxious to secure his specimen and is ignorant of the 
methods by which it might be preserved.”’ 

Signiftcance of Fossils. General statement. “The materials 
with which the paleontologist must deal are the dead, unchangeable 
* P. E. Raymond: Prehistoric Life, pp. 13-14- 
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fossils, dug up from the rocks of the earth’s crust, but the problems which 
arise from the study of these materials are far from dead, being filled 
with living interest and giving vitality to the whole field of historical 
geology. These now defunct fossils were once living, growing organisms, 
which were associated together in innumerable faunas, which lived in all 
portions of our earth, which followed one another in almost endless suc¬ 
cession from the earliest recorded period of geological history to the pres¬ 
ent time, and which were adapted to all sorts of environmental conditions 
on the land and in the sea” (S. Weller). 

“These rocks, these bones, these fossil forms and shells 
Shall yet be touched with beauty and reveal 
The secrets of the book of earth to man” 

(Alfred Noyes). 

Early views concerning fossils. As early as the sixth century b.c., 
Xenophanes is said to have observed fossil shells and plants in the rocks 
of Paros, and to have attributed their presence to incursions of sea water 
over the land. Herodotus, about a century later, and Eratosthenes, in 
the third century b.c., came to similar conclusions in regard to fossil 
shells in mountains far inland. Strabo, in the first century a.d., said 


Fig. II. Excavating an asphalt deposit for bones of extinct animals of Pleistocene 

Figure 12. (Photo by Los Angeles Museum, by courtesy of 

ri. R. rlill.) 





FOSSILS 


21 


that fossil shells far inland showed that “a great part of the continents 
was once covered by water for certain periods and was then left bare 
again.” He suggested that such marine invasions and retreats were 
caused by rising and sinking on the beds of the sea. None of the an¬ 
cients, however, seemed to have the slightest conception of the signifi¬ 
cance of fossils as time markers in the history* of the earth. 



Fio. 12. Bones of various Pleistocene mammals exposed by excavation in an asphalt 
deposit. .Among them arc, /, bison pelvis; z, saber-toothed tiger skull; j, 
American lion femur; 4, giant ground-sloth femur; 5, dire wolf skull; and 6, 
Pacific horse skull. The asphalt is oxidized mineral tar. Note the fresh tar 
running down the right side. La Brea tar pits. Los Angeles, California. (Photo 
by the Los Angeles Museum, by courteSy of H. R. Hill.) 

In the Middle Ages, distjiiguished writers held curious views regard¬ 
ing fossils. Th us Avi cenna* (q8o-10.^7) believed that fossils represented 
unsuccessful attempts on the part of nature to change inorganic materials 
into organisms within the earth by a peculiar creative force (vis plas- 
tica). About two centuries later, Albertus Magnus held a somewhat 
similar view. Leonardo da Vinci (1452-1519), the famous artist, archi¬ 
tect, and engineer, while engaged in canal building in northern Italy, 
saw fossils embedded in the rocks, and concluded that these were the 
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remains of organisms which actually lived in sea water which spread 
over the region. During the seventeenth and eighteenth centuries, many 
correctly held that fossils were really of organic origin, but it was 
commonly taught that all fossils represented remains of organisms of an 
earlier creation which were buried in the rocks during the so-called great 
Deluge (Noah’s Flood), 

Earth Chronology. William Smith (1769-1839) of England was, 
however, the first to recognize the fundamental significance of fossils for 
determining the relative ages of stratified rocks. His announcements, 
based upon much careful detailed work, were made in the latter part of 
the eighteenth century and the early part of the nineteenth century. He 
has been called by the English the “Father of Historical Geology.” 
Smith recognized the fundamentally important fact that certain kinds or 
species of fossils are found only in certain strata or formations; that for¬ 
mations above or below such strata contain other fossils characteristic of 
them; and that each of such formations was deposited at a different time. 
This important method of determining earth chronology is discussed in 
Chapter V under the caption, “Age Determination of Rocks.” 

Past Physical Geography Conditions. Typical stratified rock occu¬ 
pying any region proves the former presence of water over that region. 
By the study of the fossils we can further usually tell whether the water 
was ocean or lake, fresh or salt, open sea or arm of the sea, deep or 
shallow, close to or far from land, etc. Lithologic character alone may 
give some idea as to the depth of water and proximity to land where a 
given stratum was deposited, but the presence of considerable numbers 
of terrestrial organisms gives important additional data. Thick lime¬ 
stones filled with fossil corals point to long-continued conditions of clear 
sea water. Tree stumps, on the other hand, with roots still in their 
original position, plainly prove a former land surface. By means of fos¬ 
sils, many land areas have been proved to have e.xisted as effective bar¬ 
riers to migrations of marine organisms- Certain lands now separated 
by water may be shown to have been formerly connected, as was true of 
Alaska and Siberia, by a land connection across Bering Strait. Also the 
fossils found in the rocks of the Isthmus of Panama show that North 
and South America were there conected at a comparatively recent time 
in earth history. 

Past Climatic Conditions. Some strata afford an idea of the climatic 
conditions under which they were laid down. Thus salt and gypsum 
beds, more or less associated with certain red sandstones or shales, indi¬ 
cate an arid climate at the time of their formation. But the study of 
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fossils is much more fruitful in this connection. Certain strata in south¬ 
ern England contain fossil palms, gourds, crocodiles, etc., thus proving 
a subtropical climate for the time of their origin. Other strata, repre¬ 
senting a later date in southern England, carry remains of Arctic ani¬ 
mals and hence indicate a cold climate for that time. The finding of 
walrus remains in New Jersey and musk ox remains in Arkansas indicate 
a former colder climate for those regions. Again, many fossil palms, 
ferns, and other temperate to subtropical plants, as well as animals, 
clearly point to former warmer climate in those same regions. 

Much strong evidence for climatic conditions over various portions of 
the earth during different geologic periods has been furnished by the 
study of true marine organisms. Certain kinds of corals live only in 
shallow tropical seas, and so, if in any region we find a bed of limestone 
rich in corals of this kind, it is to be inferred that this limestone was 
formed in warm, shallow sea water. Such coral limestones are known 
even in the interior of North America. 

In deducing climatic inferences, as above explained, certain care must 
be exercised, because we are not justified in assuming that because a 
given species now lives under warm climatic conditions, every species 
of the same genus has lived under similar conditions. When, how¬ 
ever, we are dealing with species still living, or in older rocks, with whole 
groups of organisms pointing to certain climatic conditions, we are rea¬ 
sonably safe in our inferences. 

Evolution of Life. It is a well established fact that, as geological 
time went on, both plants and animals gradually evolved and, as a rule, 
became more and more complex in their organization. Single-celled 
plants lived in Archeozoic time. Even as far along in geological time 
as the Early Paleozoic era there were no land plants and only inverte¬ 
brate animals, mostly of low-order types. By Middle Paleozoic time 
seedless land plants and low-order seed-bearing plants, including certain 
types of trees, appeared. About the same time low forms of vertebrates, 
such as primitive fishes had been evolved. In the later Paleozoic, am¬ 
phibians evolved from fishes, and reptiles from the amphibians. During 
Mesozoic time reptiles dominated animal life, and birds and mammals 
evolved from the reptiles. Late in this era the true flowering plants, 
representing the most complex and beautiful forms of plants, made their 
first appearance. During the Cenozoic era plants and animals gradually 
became more and more modernized. Mammals dominated the animal 
world, and man evolved from the primate stock at about the beginning 
of the present (Quaternary) period. 



24 


HISTORICAL GEOLOGY 

Relations and Distribution of Modern Organisms, It is evident that, 
if we are to understand properly the present-day relations and distribu¬ 
tion of organisms, we must learn about their ancestry and history, because 
all modern plants and animals have descended directly from those which 
lived in earlier geologic epochs. In many cases existing plants or ani¬ 
mals, notably different in structure, can be traced back to a common 
ancestry. Again, certain peculiarities in the distribution of some ot the 
present-day animals are readily explained in the light of their geologic 
ancestry and habitats. A good example is Australia, where practically 
all of the present-day mammals (barring those introduced by man) are 
of very simple types, that is, non-placentals such as the kangaroo, spiny 
ant eater, etc., found only in and close to Australia, and which are clearly 
much more like the mammals of distinctly earlier geologic time than like 
typical mammals of the present day. The explanation is that Australia 
was separated from Eurasia before the higher (placental) mammals had 
been evolved, and that the very different, or probably much less severe, 
struggle for existence in isolated Australia has not been favorable for the 
evolution of placentals as was the case elsewhere. 



CHAPTER IV 

ORGANIC EVOLUTION* 


Definition 

Organic evolution may be defined as orderly change among organ¬ 
isms, both plants and animals. It “means that the present is the child 
of the past and the parent of the future” (J. A. Thomson). 

Evidences of E'/olution 

Geological Evidence. One of the plainest and most impoi tant les¬ 
sons taught in this book is that, as the hundreds of millions of years of 
geological time passed, both plants and animals, starting from low-order 
forms, generally became biologically more complex in structure Not 
all changes in the history of living things have been progressive. In 
some cases there have been setbacks or retrogressions among groups of 
organisms. The great, general changes in evolution have, however been 
progressive, bringing into existence a succe.ssion of higher (or more’ com¬ 
plex) plants and animals in almost, if not quite, the order of geological 
time, as dearly shown in the table in Chapter II. Man, the most com¬ 
plex of all known organisms, appeared in very late geological time 

More in detail, various classes and smaller groups of animals furnish 
rernarkable illustrations of change through longer or shorter parts of geo- 
logical history. Mention may be made of the chambered cephalopods 
(Cambrian to present), insects (Pennsylvanian to present), fishes (Silu¬ 
rian to present), placental mammals (Cretaceous to present), and man 
(Quaternary). Thus there is overwhelming evidence of evolution in the 
geological record. Just what evolutionary changes the future will wit¬ 
ness we do not know, but we are quite certain that creation is not a fin¬ 
ished act. 


’ The reader who may wish to go more fully into this subject will find an au 

OuTne Evolution--'in Thomson-s " tL 
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Anatomical Evidence. “There is also anatomical evidence of a 
most convincing quality. In the forelimbs of backboned animals, say, 
the paddle of a turtle, the wing of a bird, the flipper of a whale, the fore¬ 
leg of a horse, and the arm of a man, the same essential bones and muscles 
are used to such diverse results” (J. A. Thomson). Again, the primates, 
including lemurs, monkeys, apes, and man, all have skeletons built on 
the same plan almost bone for bone. Not only the bones, but also many 
of the body organs are essentially the same. A great many other exam¬ 
ples of similarity of structure in allied groups of animals could be men¬ 
tioned. Such remarkable similarities certainly indicate kinship of 
animals within the groups. 

Embryological Evidence. Still other convincing evidence of or¬ 
ganic evolution is found in the life histories of individuals. It is a law 
of life that every individual, including the human being, begins as a 
single cell and passes through a series of changes before reaching a full- 
grown condition. Thus the frog (an amphibian) lays eggs in water. 
The tadpoles hatched from the eggs are distinctly fishlike with gills and 
tails, but without legs. In time the gills and tails disappear, lungs and 
legs are formed, and the creature can live on land. It is plain, from 
the geological record, that amphibians not only appeared later than 
fishes, but also that they evolved from the fishes. Such a brief repeti¬ 
tion of various features of a race or group in the life history of the indi¬ 
vidual is called the law of recapitulation. It is more or less true of 
nearly all organisms. Even in man’s pre-natal history the embryo is, in 
its early stages, remarkably similar to the embryos of such diverse forms 
as frog, chicken, and dog. Here again we have striking proof of the 
remarkable kinships of large groups of animals. 

Factors of Evolution 

We should not be led astray by those who refuse to accept evolution 
as a fact because its exact cause is not known. It would be just as 
logical to assert that there was no Quaternary Ice Age because we do 
not know precisely what caused it. In the scientific world the fact of 
evolution is certain—evolution is a law of nature—but the factors or 
causes of evolution are by no means well understood. Some of the most 
commonly suggested factors are the following: 

Heritable Variations. It is well-known that the offspring is essen¬ 
tially like the parent, but it is also true that no two animals of the same 
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species, however closely related, are precisely alike. Marked “heritable 
novelties or variations often crop up in living creatures, and these form 
the raw material of evolution. These variations are the outcome of 
changes in the germ cells that develop into organisms'’ (J. A. Thomson). 
Just how such germ-cell changes occur is not positively known, but they 
are probably controlled by the so-called genes which are tiny particles 
in the germ cells. Through hereditary tendency a marked variation 
may become more or less established or fi.xed in a line of descendants. 

Natural Selection. In the world of living things remarkably few 
seeds or germ cells ever develop into individual plants or animals, and, 
of the individuals produced, an amazing number die when young. Dis¬ 
eases, lack of food, and extreme temperatures exact heavy tolls. Com¬ 
petition among plants and animals is more or less severe—often very 
severe. Only those survive which are well adjusted to the conditions 
under which they live. Such a natural process, involving “survival of 
the fittest,” is known as natural selection. By such a struggle for ex¬ 
istence nature gets rid of the unfit, and leaves the fit to live and repro¬ 
duce. Because of the tendency toward variation in a species, an occa¬ 
sional individual may appear with some new feature which enables it to 
face the competition for existence better than the other individuals of 
the same species. When such a variation is heritable, a new and better 
breed of plant or animal results. Animal and plant breeders watch for 
such variations, and, by proper artificial selection and mating, they have 
produced remarkable changes among plants and animals. 

Influence of Environment. As pointed out in numerous places in 
the pages of this book, the earth’s surface has undergone a very great 
number of changes at many times and in many regions. Some of these 
changes were small, but others were profound, affecting large parts of 
continents. The coming and going of mountains, the advances and 
retreats of the seas, the spread of vast ice sheets, times of extensive 
volcanic activity, and many other physical changes, often produced im¬ 
portant changes in the habitats of living things, involving alterations in 
climatic conditions and food supply. Animals and plants have been 
forced to adapt themselves to the new conditions or become extinct. 
The record of the rocks shows that race after race failed in the struggle, 
while others went on, steadily advancing in complexity of structure or 
adaptability to changing environments as the ages rolled by. It is prob¬ 
ably true that not a species of plant or animal from the Paleozoic era has 
survived to the present day, and very few from the Mesozoic era. 
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Some of the most profound evolutionary changes among organisms 
accompanied the tremendous physical changes at the end of the Paleozoic 
and Mesozoic eras. The increasing cold of later Cenozoic time, reaching 
a climax during the Ice Age, also marked a time of great evolutionary 
changes. 


Evolution of Man 

The following statement, issued in 1926 by the Council of the Amer¬ 
ican Anthropological Association, clearly shows the position of the mod¬ 
ern scientific world in regard to organic evolution, particularly with ref¬ 
erence to man: 

“In view of the dogmatic objections raised against the theory of 
evolution the Council of the American Anthropological Association have 
thought it advisable to formulate the present position of scientific in¬ 
quiry. 

“The plants and animals belonging to early periods of the earth’s 
history show that the forms have not remained the same for any length 
of time. The changes that have occurred are of such character that we 
are compelled to consider the later forms as descendants of older forms. 
No form of living being has remained the same through the ages. The 
evidence of past times is corroborated by the structural and develop¬ 
mental analogies observed in related forms, proofs of a gradual differen¬ 
tiation from common ancestral forms. 

“The minute structure of all living matter is alike and shows that 
all organisms, from the lowest to the highest, must be considered as a 
unit. 

“Man has succeeded in producing a variety of forms of domestic 
animals and cultivated plants which differ from their ancestors. Our 
success, accomplished in a very short period, indicates that in long 
periods nature will produce more fundamental changes. 

“Man is part of the animal world. In all respects his anatomical 
structure conforms to that of the rest of the animal world. His pre¬ 
natal life closely parallels that of the higher mammals. The same influ¬ 
ences that control their development after birth control him and he re¬ 
sponds in a like manner to the environment in which he is placed. 
Prehistoric archeology has shown that, in the course of the ages, man 
has undergone great changes in physical type and that ancient man dif¬ 
fered from modern races, the more so the more ancient the remains. 

“Local types of man have developed on every continent and their 
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existence proves that changes in the heritable characteristics of racial 
groups are effected in the course of time, 

“We must conclude that the bodily form of man as well as that of 
animals and plants has changed and is still changing, not in the course 
of centuries, but in longer periods. 

The exact cause of changes in the form of organisms and the 

conditions under which they occur, as well as the causes making for 

stability, are still imperfectly known. The principle of change has 

been so well established that it should become the common property of 
mankind.” 



CHAPTER V 


ROCK FORMATIONS 

Nature and Naming of Formations. By Stratigraphy is meant 
that branch of geologic science which “arranges the rocks of the earth’s 
crust in the order of their appearance, and interprets the sequence of 
events of which they form the records” (A. Geikie). All stratified 
rocks may be subdivided into formations or groups of strata, each of 
which is marked either by a characteristic facies or assemblage of fossils, 
or, to greater or less extents, by similarity of lithologic (or rock) fea¬ 
tures, or by both. A rock formation is generally considered to be a 
mappable unit, that is its area can be delimited upon a geologic map. 
Subdivisions of formations are usually called members. 

“The thickness of a formation or the length of time it may represent is 
not an essential feature. A single sequence might conceivably contain 
a formation thousands of feet thick and another only a few feet thick. 
The first might contain members each many times thicker than the 
entire second formation; or the second might be divided into several 
members and the first be undivided. ... In naming formations it is 
the most general practice to adopt a geographic name derived from a 
‘type locality’ where the formation is present and sufficiently well ex¬ 
posed to constitute a standard of comparison. In practice it not infre¬ 
quently happens that subsequent work reveals a better or more complete 
exposure than the type locality, and recourse is had to this as the actual 
standard rather than to the technical type locality. The geographic 
name selected is combined with either a lithologic term, if the formation 
is predominantly of one kind of rock, or the word ‘formation,’ if no 
single term is appropriate. This yields names like Dakota sandstone, 
Trenton limestone, Austin chalk, Genesee shale, Navarro formation, 
Dunkard formation, and Tejon formation” (J. B. Reeside). 

A stratified formation may show differences in the nature of the 
rock material laterally as well as vertically. In other words it by no 
means always consists of one kind of rock. For example, it often 
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happens that sand, mud, and limy material may accumulate in a body 
of water during a certain time interval to become a formation or time unit 
with certain index fossils throughout, although the nature of the sedi¬ 
ments varies laterally as rock units. Thus a certain formation may be 
limestone in one area, but show gradation into shale or even into sand¬ 
stone of an adjoining area. 

In many places formation names are given to masses of igneous 
rocks which have certain features in common, such as the nature and 
age of the rock mass. A few examples are: Laurentian granite, Algoman 
granite, Sierra Nevada batholith, and Idaho batholith. 

Distribution of Formations. The distribution of a formation in¬ 
volves three considerations: (i) actual outcrops of the formation, (2) 
the existence of the formation where concealed under other rocks, and 
(3) where it was once present but has been removed by erosion. In the 
first case, in dealing with areas of outcrops of a bedrock formation, it 



Fio. 13. Structure section to show how a pile of marine strata (S) formerly ex¬ 
tended to the rifjht over the old land (O) more or less as indicated by the 
broken lines. 


often happens that either a small or large area comprises a single, bare 
exposure of the rock. More often, however, enough outcrops in an area 
project through a surface cover of loose, unconsolidated material, such 
as soil or alluvium, to make it practically certain that the whole bedrock 
of the area consists of a single formation. In the second case the prob¬ 
lem is more difficult, but there are often ways of telling that a formation 
exists in small or large bodies concealed under other rocks as much as 
hundreds (or thousands) of feet below the surface. Thus an outcrop¬ 
ping formation may be seen to extend into the earth under another for¬ 
mation; or the formation may be seen in one or more mining shafts; or 
its presence may be proved by examining the rock materials brought to 
the surface during the drilling of wells, many of which are thousands of 
feet deep. 

In the third case the problem is still more difficult but, even so, sur¬ 
prising results may often be obtained. Thus in Figure 13 it is evident 
that part of the pile of strata (S), (say 1000 feet thick) formerly ex- 
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tended to the right (say lo miles) over the old land (O), more or less 
as indicated by the broken lines, but has been removed by erosion. Or 
scattering erosional remnants of a characteristic rock formation may 
prove that the formation once covered the whole area. 

In view of the fact that geologic history is recorded in rock forma¬ 
tions, it is evident that the above mentioned principles must be taken 
into consideration for a correct interpretation of that history. Thus in 
Figure 13 the sea in which stata “S'' were deposited also occupied the 
broken-line area. 


Geological Maps, Sections, and Symbols. A geological map 
shows the areal or surface distribution of rock formations or sets of for- 
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Fig. 14 . Geologic map of a portion of the Great Lakes region showing the distribu- 

surface, disregarding the soil which covers much 
of the bedrock. (After U. S. Geological Survey ) 
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mations. Such a map usually shows the areas of bedrock formations 
as they would appear at the surface, were there no superficial covering of 
loose, incoherent materials, such as soils, swamp deposits, etc. The 
superficial materials may be represented on a separate map, or by means 
of a special over-color or pattern on the bedrock map (Fig. 14). 

The distribution of each formation or set of formations is repre¬ 
sented on the map by a certain color or pattern. At the border of the 
map there is a so-called legend which :s an explanation of the colors 
or patterns (Fig. 14). In the legend the various formations or sets of 
formations are arranged in regular order of age, with the oldest at the 
bottom. In many cases the surface distribution of formations, as shown 
on a geological map, gives no real indication of the actual extent of the 
formations in the crust of the earth. Extensive formations which have 



Fig is Sketch map showing a structure section at the front, and a landscapt 

beyond. (.After U. S. Geological Survey.) 


been notably tilted or folded may appear as only narrow belts at the 
surface (Fig. 77). 

“In cliffs, canyons, shafts, and other natural and artificial cuttings the 
relations of the different beds to one another may be seen. Any cut¬ 
ting that exhibits those relations is called a section, and the same term 
is applied to a diagram representing the relations. The arrangement of 
the rocks in the earth is the earth’s structure, and a section exhibiting 
this arrangement is called a structure section. Knowing the manner of 
formation of rocks, and having traced out the relations among the beds 
on the surface, the geologist can infer their relative positions after they 
pass beneath the surface, and he can draw sections representing the 
structure to a considerable depth. Such a section is illustrated in Figure 
15. The kinds of rock are indicated by appropriate patterns of lines, 
dots, and dashes. These patterns admit of much variation, but those 
shown in Figure 16 are used to represent the commoner kinds of rock - 
(U. S. Geological Survey). 

Structure sections are much used by geologists for the purpose of 
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diagrammatically showing various events in the geologic history of re¬ 
gions. The student will find many structure sections in this book, and 
his instructor will use many more. It is, therefore, important to know 
how to interpret them. By way of illustration, a brief history of the 
main geological events recorded in their order of occurrence in the struc¬ 
ture section (Fig. 15) is as follows: Deposition of the original material of 
the schist, metamorphism and folding of the schist, intrusion of the 
igneous masses, profound erosion, deposition of shale and limestone 
upon the eroded surface, folding of the rocks especially well shown by 
the shale and limestone, a second interval of erosion, deposition of shale 



Sandstones and COD' Shaly sandstones. Calcareous sandstones, 

glomerates. 



Schists. Massive and bedded igneous rocks. 

Fic. 16. Symbols used to represent common kinds of rocks. 

(After U. S. Geological Survey.) 


and sandstone upon the second eroded surface, uplift without deforma¬ 
tion, and erosion producing the present-day landscape. 

A columnar section contains a concise description of the formations 
which occur in a large or small area as they would appear if all piled up 
in one locality in order of age and in undisturbed condition. Such a 
section involves a columnar diagram which shows the kinds and order 
of superposition of the formations, and data on either side of the dia¬ 
gram opposite each formation giving its thickness, description, age, and 
usually its name (e.g. Fig. 90). Original structures, such as unconformi¬ 
ties, are often shown, but subsequent structures, such as folds and 
faults, are seldom represented. 
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Age Determination of Rocks 

Age Determination of Rocks. Stratified Rocks. In any given 
locality, a good way to learn the relative ages of the stratified rocks 
is to determine their “order of superposition,” the general assumption 
being that the older strata underlie the younger because the underlying 
sediments must have been first deposited. Order of superposition is 
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Fic. 17. Geologic sections of stratified rocks showing how rock units may be 
reasonably correlated, in relatively small areas, on the basis of similarity of 
sequence without the use of fossils. In a common case the sections may be, 
let us say, 10 to 20 miles apart, and section C may be 500 to 1000 feet in thick¬ 
ness. Parts of C are missing from A and B but, where present, the nature of 
the rock units and their order of superposition are the same though with con¬ 
siderable variations in thickness. 


easily determined for any locality where the strata are practically hori¬ 
zontal and undisturbed from their original position (Fig. 17). If, 
however, the strata are tilted, folded, or faulted, the nature of the 
structure must first be determined in order to imagine them back in their 
original, undisturbed position. The succession of strata seen in any one 
locality or region represents only a small part of the earth’s entire series 
and this, taken in connection with the fact that the lithologic character 
of strata of the same age commonly shows differences, makes it clear 
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that “order of superposition” alone will not suffice to determine the 
relative ages of sedimentary rocks on a single continent or even large 
portion of a continent, not to mention the utter inadequacy of the method 
when applied to comparing the relative ages of strata of different con¬ 
tinents. 

“Order of superposition,” however, when used in connection with 
the fossil content of the strata, furnishes us with the method of determin¬ 
ing earth chronology. “Life, since its introduction on the globe, has 
gone on advancing, diversifying, and continually rising to higher and 
higher planes. . . . Accepting, then, the undoubted fact of the univer¬ 
sal change in the character of the organic beings which have successively 
lived upon the earth, it follows that rocks which have been formed in 
widely separated periods of time will contain markedly different fossils, 
while those which are laid down more or less contemporaneously will 
have similar fossils. This principle enables us to compare and correlate 
rocks from all the continents and, in a general way, to arrange the 
events of the earth’s history in chronological order. ... A geological 
chronology is constructed by carefully determining, first of all, the order 
of superposition of the stratified rocks, and next by learning the fossils 
characteristic of each group of strata . . . The order of succession 
among the fossils is determined from the order of superposition of the 
strata in which they occur. When that succession has been thus estab¬ 
lished, it may be employed as a general standard.” ^ 

For the determination of geologic chronology, certain organisms are 
more valuable than others, the best being those which have had wide 
geographic distribution and short geologic range. For example marine 
organisms, which live near the ocean surface (so-called pelagic forms) 
and are easily distributed over wide areas, while, at the same time, the 
species are extant for only a comparatively short time, are the best 
chronologic indicators or index fossils. The graptolites of the Early 
Paleozoic era furnish excellent illustrations. 

Material deposited at a particular geologic time, and usually identi¬ 
fied by index fossils, is known as a geologic horizon. 

Metamorphic and Igneous Rocks. If a metamorphosed sedimentary 
formation is sufficiently fossiliferous, the method just described can be 
used to determine its geologic age. In most cases, however, once 
existent fossils have been obliterated from such strata by the meta¬ 
morphic processes, and the age of such a formation can then be told 
only by its relation to strata of known age. At best this method is 

^W. B. Scott: An Introduction to Geology, 2nd edition, pp. 521-522 and 525. 
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usually not very accurate. Thus if known Early Paleozoic strata rest by 
unconformity upon an unfossiliferous quartzite formation, we know 
that the quartzite is older, but that is all. 

Among the volcanic rocks, lava flows very rarely contain fossil rec¬ 
ords, but fragmental materials (particularly tuffs*) not infrequently do. 
However, in most cases by far their age must be determined by their rela¬ 
tion to strata of known age. Thus a lava flow is younger than the rocks 
upon which it rests, and old^r than rocks which may overlie it. 

Plutonic rocks, such as dikes and batholiths, may furnish more 
or less accurate clues as to their age by their intrusive relations to 
rocks of known age. As an example, a batholith which breaks through 
Late Paleozoic strata, but is overlain by Early Mesozoic strata, must 
have been emplaced or intruded near the close of Paleozoic time. A 
study of Figure 33 will also help to make this principle clearer by noting 
the age relations of three batholiths. 

If radioactive minerals are sufficiently present in an igneous rock 
its age, in general terms of years, may be determined by finding the 
degree of radioactive change as already explained under the caption 
“Length of Geologic Time.” 

Correlation of Formations. By correlation of formations is 
meant the determination of the age equivalence, or practical equivalence, 
of rock groups or formations in various parts of the earth. Exact 
contemporaneity for widely separated districts cannot be expected as 
above explained in Chapter II, In general the criteria of correlation 
may be divided into two classes, namely, geological (physical) and 
paleontological (biological). 

I. Geological (physical) criteria. In many cases formations 
carry no fossils or very few, and it is then necessary to seek means of 
correlation without their aid. None of the geological (physical) meth¬ 
ods can, however, be applied over wide areas such as opposite sides of a 
continent, or different continents. For such wide correlations, criteria 
derived from a study of fossils only can be used. Various physical 
factors used in correlation of formations are as follows: 

1. Continuity oj deposit. If, as shown in the accompanying diagram 
(Fig. 18), continuity can be traced from A to B, a distance of say 10 
miles, it is quite certain that the rock masses at A and B are of the same, 
or very nearly the same, age. There is probably no more important 
means of correlation used by the geologist except over wide areas. 

2. Similarity oj materials. Rock formations not actually continuous, 
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though not too widely separated, are often correlated by noting similarity 
or identity of lithologic character, especially if there are any locally 
peculiar features. Earlier geologists were inclined to overwork this 
method of correlation by applying it over areas of too great extent, in 
some cases even suggesting identity of age of deposits on opposite sides 
of the ocean by this means. The danger of such application is apparent 
when we realize that, for example, a sandstone of very early (Cambrian) 
age may be in physical appearance exactly like sandstone of much later 
(Tertiary) age. 

3. Similarity of sequence. A succession of strata in several places 
like A, B, and C, of Figure 17. and not continuous at the surface, may be 



Fig. 18. A block diagram of part of the earth’s crust with tilted strata. It 
illustrates correlation of formations by continuity of deposit from A to B as 
explained in the text. It also shows surface distribution of various formations 
and subsurface distribution in the structure sections at front and right sides. 


correlated on the basis of similarity of sequence, particularly when each 

formation at one place (A) shows little or no difference in lithologic 

character or thickness as compared with each formation at the other 
places (B and C). 

4. Similarity of degree of change, or structural relations. By finding 
similarly changed or metamorphosed rocks in the same vicinity, they 
may thus be correlated. For instance, in the accompanying diagram 
(Fig. 19) It is evident that the rocks of group A are older than those of 
group B, because A are folded and B are not; and B are older than C 
because B were tilled by regional diastrophism before C were deposited. 
Outcrops over limited areas at least can thus be placed in one of these 
three groups. By way of illustration, the (pre-Paleozoic) rocks of the 
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Highlands of the Hudson in southeastern New York are highly metamor¬ 
phosed and folded, with indurated, folded (Ordovician) strata resting 
upon their north side, and indurated, non-folded, and slightly tilted 
(Triassic) strata coming against them on the south side. Each of these 
groups of rocks represents a distinctly different geologic age. This 
method cannot be used over wide areas such as different parts of a con¬ 
tinent, because, for instance, certain strata (Cretaceous) in the eastern 
part of the United States may be unconsolidated and horizontal, while 
rocks of the same age are highly folded in the western United States. 

5. Study of adjacent lands. Examination of the materials of the 
Atlantic Coastal Plain clearly shows, by their nature, that they have 
been largely derived from the rocks of the Piedmont Plateau and Ap¬ 
palachian Mountains, and hence these Coastal Plain materials are the 
younger. Also the peneplain character of the surface of the Piedmont 


Fig. 19. 



Structure section to illustrate correlation of rock formations by degree of 
change or structure in a local region. See explanation on page 38. 


Plateau proves the greater age of this region because the peneplain was 
being produced by wearing off the very materials which were deposited 
in the adjacent ocean to produce what are now called the Coastal Plain 

deposits. 

6. By diastrophism. According to T. C. Chamberlin, the great de¬ 
formations of the earth’s crust have been of periodic occurrence. Each 
great movement has “tended toward the rejuvenation of the continents 
and toward the firmer establishment of the great (oceanic) basins.” 
Between any two great diastrophic movements there has been a time of 
quiescence when the base-leveling processes have more or less lowered 
the continents. Such “base-leveling of the land means contemporaneous 
filling of the sea basins by transferred matter” with resultant encroach¬ 
ment of the sea over the land “essentially contemporaneous the world 
over,” which in turn implies “a homologous series of deposits the world 
over.” Thus the times of great diastrophism (recognized by profound, 
widespread unconformities) should form the basis for separating and cor- 
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relating at least the larger groups of strata in the earth’s crust. In the 
light of recent studies, this generalization needs considerable modifica¬ 
tion. 

II. Paleontological (biological) criteria. The significance of 
fossils in the determination of geological chronology has already been 
discussed, but it should here be repeated for emphasis that ^‘order of 
superposition” of the strata, studied in connection with their fossil con¬ 
tent, furnishes the general standard for building up a geological chro- 
nology, and affords the best basis for the correlation of formations. In 
fact, for correlation of formations in distant portions of a continent, or 
different continents, paleontological criteria alone are entirely satisfac¬ 
tory. Important paleontological criteria are as follows: 

1. Identity of species. This is an extremely important method of 
correlation, especially when species with wide geographic distribution 
and short geologic range are employed. It is not wise to depend upon 
a single species for the correlation of far distant formations, because then 
the time necessary for the migration of the species must be consid¬ 
ered. This seldom gives trouble because the geologist usually deals with 
a number of rapid-moving species. In a restricted area, where forma¬ 
tions are to be correlated, the same organisms may have continued for 
a long time, but nearly always some peculiar species furnishes the clew. 

2. Aggregations of forms. When groups of strata in different areas 
carry similai aggregations of similar forms, the groups of strata may 
be safely correlated. Even though a small percentage of the species 
vary, tht method still holds because such variations are to be expected 
on account of migratory and geographic conditions. 

3. Stage in the evolution of organisms. Since there has been a grad¬ 
ual development of life with increasing complexity throughout geologic 
time, the stage of development or evolution shown by the fossils in a 
group of strata will serve as a basis for general correlation at least. 

Each era, or even period, shows a characteristic stage of evolution of 
forms. 

4. Percentage of living species. This applies only to rock forma¬ 
tions of later geologic time, because the older rocks contain no species 
like those now living. The percentage of living species becomes greater 
and greater as the present time is approached, and on this basis Lyell sub¬ 
divided a late period (Tertiary) into three epochs. Since then two other 
epochs have been added. 

In any correlation problem the geologist strives to use as many of 
the above criteria as possible, the certainty of the correlation being more 
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firmly established when several geological and paleontological criteria 
are used together 

The student should bear in mind that strata cannot be determined 
as precisely contemporaneous, because geologic time has been very 
long and the evolution of organisms very slow, and almost exactly 
similar fossils may be expected in strata showing an age difference of at 
least some thousands of years. Also, at any given ancient time of earth 
history, as now, organisms were not the same in all parts of the world, so 
that rocks formed at exactly ihe same time in different parts of the world 
always show certain differences in fossil content. As compared with 
the vast length of geologic time, however, practical contemporaneity of 
the strata can usually be determined. 



'Fig. 20. Block didgrams to illustrate a disconformity (on the left) and a non- 
1 conformity (on the right) The heavy irregular line marks the erosional surface 

or unconformity. 


Unconformities. Thus far our discussion has been based largely 
upon the assumption of conformable strata, but many times the succes¬ 
sion of strata (so-called “section”) under study shows one or more un¬ 
conformities. An unconformity lepresents an interruption in the strati¬ 
graphic succession. It is nearly always an erosional surface separating 
two sets of rocks. Rarely, however, it may represent a time of almost 

complete non-deposition of strata in a submerged area. 

In a typical case, after a pile of strata has accumulated to a certain 
depth in a given region, an emergence, usually due to diastrophism, may 
take place, resulting in a removal of part of the pile of strata by erosion. 
The emergence generally involves uplift, often accompanied by folding 
or tilting, but the pile may remain horizontal or nearly so. Tlien, due 
to submergence, newer strata may be deposited upon the eroded surface 
of the remaining o.der rocks (Fig. 20). The surface of erosion separat¬ 
ing the newer from the older set of rocks is called an uncoriformity. 

It should not be presumed that unconformities exist only in stratified 
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series. 1 hus, among other cases, there may be an unconformity between 
either igneous or metamorphic rocks and ordinary strata. 

In the case of an obvious unconformity, where the upper strata lie 
upon the eroded surface of tilted or folded strata, or of igneous or meta¬ 
morphic rocks, the term “non-conformity” is applied (Fig. 21). If 
however, two sets of strata, separated by an erosional surface, have their 

stratification practically parallel, the term “disconformity” is applied 
(Fig. 20, left). ‘ 

From the above considerations, it is evident that an unconformity 



Tertian' slndTnn “"r here shown. Horizontal beds of Lai 

schisrMrcl"Hnls'ins“oXrrcromia^.''^'^“ steep-dipping Archeozoi 


signifies a gap or break in the geological record at the locality con¬ 
cerned, that IS an absence of both the strata and the fossil record repre¬ 
senting a greater or less length of geological time. The missing records 

generally be found by going to some 
other locality where deposition of sediments was not interrupted at the 
time when the unconformity was being produced. 

Id f''* fossils, in the ordinary case of unconformity we 

could tell that the land emerged above water, was eroded, and again 

submerged, but we could not tell how much time was involved. But 

by noting the index fossils in the youngest strata just below the eroded 


ROCK FORMATIONS 


43 


surface, and in the oldest strata just above it, we could tell what epochs 
or periods the unconformity represents by a comparison with the 
standard geologic divisions of the world. 

Because the fossils immediately above and below the line of a pro¬ 
found unconformity show such marked differences, the earlier geologists 
were misled into thinking that each great unconformity signified an 
awful catastrophe (physical and organic) which devastated the earth and 
destroyed all organisms, after which came a period of tranquillity when a 
new set of organisms was created. This has been called the doctrine 
of catastrophism. In opposition to this view Sir C. Lyell, a century ago, 
promulgated the doctrine of uniformitarianism which holds that the 
evolution of the earth and its inhabitants has progressed practically uni¬ 
formly, and that missing records in one place are to be found in other 
places. Today Lyell’s view is generally accepted with the modification 
that times of comparatively more rapid earth disturbance, and probably 
changes in organisms, have occurred. 



CHAPTER VI 


RELATIONS OF CONTINENTS AND OCEAN BASINS 

Persistence of Continents and Ocean Basins. There is strong 
evidence that the present-day continents and ocean basins have, in a gen¬ 
eral way, persisted since Early Paleozoic time, and probably much longer 
than that. Some reasons for believing that ocean basins and continents 
have never changed places are: (i) Earth material under the oceans is 
heavier than that under the continents. Also, ocean basins and conti¬ 
nents are in almost perfect equilibrium. These facts have been proved 
by gravity tests, using the pendulum method, in many places. To 
change this density equilibrium enough to permit an ocean basin, such 
as the deep Atlantic, to rise as a continent would necessitate a reversal of 
specific gravity between a continental and an oceanic segment of the 
earth. There is no evidence that such a change ever occurred, and it is 
almost impossible to imagine how it could be brought about. (2) 
Deep-sea deposits, similar to those now accumulating in the abysses of 
the ocean, are entirely unknown well within the present-day continents. 
Such deposits of very limited extent do occur on a few islands of the 
Mediterranean, East Indies, and West Indies, but these are all on con¬ 
tinental margins or islands in regions of unusual diastrophic activity 
where great uplifts have occurred during Cenozoic time. It is evident, 
then, that a continental area like North America was never the site of a 
deep sea. It is true, nevertheless, that marine strata of various ages are 
common and widespread on the continents, but these plainly show by 
their nature and origin that they were laid down in shallow or very 
shallow seas which overspread parts of the continents from time to time. 

Various more or less important changes in the general outlines of 
continents and ocean basins have taken place. The ocean basins seem 
to have been deepening and widening, while the continents have been 
getting narrower and higher. “There were, in all probability, no great 
depths in the oceans, that is, depths to which the light could not pene¬ 
trate sufficiently for plant growth, earlier than the Triassic, for the ani- 
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mals now living at these depths are most closely related to those which 
evolved in shallow waters during the Mesozoic, and less closely to those 
of the Cenozoic. All surviving Paleozoic water-dwelling genera are 
today confined to shallow waters” (H. W. Shimer). Among various 
examples of widening of ocean basins, mention may be made of Japan 
and Madagascar, each of which is separated from the mainland by 
sunken areas occupied by sea water hundreds of miles wide, and the 
islands off southern California much closer to the mainland. All three 
of these areas were connected with the mainland in later geological time 
as indicated by the similarity of animal life, and all of them represent 
sinking of parts of continental masses into the ocean basins. Facts pre¬ 
sented in subsequent pages of this book show that, for hundreds of mil¬ 
lions of years, there has been a tendency for the continents to become 
higher, though by no means at any uniform rate. Thus the present 



Fig. 22. Diagram to illustrate deformation of a continent. Arrows pointing toward 
center of earth indicate general condensation. Long arrows represent tangential 
compressive stress. All segments sink, but the continent is wedgeu up some¬ 
what relative to the oceanic segments. Dash lines represent shear under the 
continents. Vertical lines represent relations of segments before diastrophism. 
(After T. C. Chamberlin.) 

average altitude of North America is about 2000 feet, but during most of 
Paleozoic time it was far less than that. During Mesozoic time the 
average altitude of the continent was nearer that of the present time. 

Irrespective of any theory that we may hold in regard to the origin 
of the earth, there are good reasons for believing that our planet has 
been, for long geological ages, a heterogeneous shrinking body. Among 
the evidences are the following: profound folding of belts of the earth’s 
crust (orogeny); broad relative uplifts and warpings of the earth’s crust 
(epeirogeny); and general more or less periodic sinking of oceanic areas, 
all of which have occurred at various times and in many places. 

The accompanying diagram (Fig. 22) gives a good idea of T. C. 
Chamberlin’s conception of oceanic and continental segments in relation 
to earth shrinkage and lateral compression. 
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Theory of Continental Drifting. Horizontal shifting (or move¬ 
ments) of relatively small parts of continents is well known, but this 
is a far cry from believing that such shifting (or drifting) has occurred 
on continent-wide scales, as for example that North and South America 
have drifted away from Eurasia-Africa leaving the great Atlantic Ocean 
basin in the wake of the drifting masses. Among the reasons favoring 
such continental drift, according to Wegener, are that (i) if the western 
hemisphere were pushed back against the eastern, there would be a 
good fit, and (2) it is not necessary to assume former land bridges across 
the Atlantic basin to account for certain similarities in land life on 
opposite sides of the ocean during much of Paleozoic time. Opponents 
answer by saying that the “fit” is by no means as good as claimed, that 
the fossil records on opposite sides of the Atlantic are not as similar as 
advocated; and that the submergence of so-called “land bridges” is not 
unreasonable in the light of clearly known submergence under the sea 

of various large land masses such as Appalachia and Cascadia as de¬ 
scribed beyond in this book. 

According to Wegener the western hemisphere has drifted away from 

the eastern since rather Late Paleozoic time, and most of this movement 

has taken place in Cenozoic time or during the last 70,000,000 years. 

But Chaney says that our knowledge of the nature and distribution of 

Cenozoic plants clearly indicates that the arrangement of ocean basins 

and continental platforms has been essentially unchanged since Early 
Cenozoic time. 

Pettersson, as reported in Science News Letter (1949), says: “The 

supposed youth of the Atlantic basin, placed at 70,000,000 years, was 

exploded by underwater depth charge explosions set off by the Albatross 

ocean-bottom exploring expedition. Soundings of the sea were made 

by echoes from the explosions. Two echoes were obtained, one from 

the top of the layer of sediment, and the other from the underlying 

bedrock. The sediment depth was shown by this method to be 12,000 

feet. The rate at which sediments on the floor of the ocean accumulate 

now is about a quarter of an inch (seven millimeters) per 1,000 years. 

Simple calculation gives the age as about 500,000,000 years.” The 

present writer believes that this age is much too short because the 

continents today stand notably higher than usual at least since Early 

Paleozoic time. This means a rate of erosion faster than the average 

and, therefore, more rapid accumulation of sediment on the sea floor 

even though we grant that relatively little land-derived sediment 
reaches the deep sea floor. 
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According to Gamow, as discussed beyond under the caption “The 
Earth’s Interior,” if North and South America drifted away from Eur- 
asia-Africa, most of the shifting must have taken place nearer 2,000,000,- 
000 years ago rather than 70,000,000 years ago, or even since Late 
Paleozoic time. 

Further discussion of this theory would carry us too far afield in 
this book. The interested reader should turn to a source such as Nevin’s 
book on “Principles of Structural Geology” (pp. 277-281) where a 
general discussion is followed by good selected references on the subject. 

Transgressions and Retrogressions of the Sea. During our 
study of the clearly recorded portion of the earth’s history we shall find 
positive evidence of repeated transgressions and retrogressions of marine 
waters over various portions of what are now the continental areas. It 
is believed that such continental seas were comparatively shallow, that is 
rarely as much as 1000 feet deep. Since subsidences or elevations of the 
lands are not the only known causes of sea transgressions and retrogres¬ 
sions, we shall, in the following pages, refer to submergences and emer¬ 
gences of the lands unless there is good evidence for more specific state¬ 


ment in any case. 

Submergence may be caused either by (i) sinking of the land; (2) 
rise of the sea; or (3) both together. “Both the lowering of the land 
and the rise of the sea may be due to gradation, to diastrophism, or to 
the two combined. Gradation is perpetual and inevitable where land 
and sea exist. ... It has been computed that if the earth, in its present 
condition, were to remain without deformation long enough for the conti¬ 
nents to be base-leveled, the deposition of the sediments thus derived in 
the sea would raise the sea level about 650 feet. This would submerge 
a large part of the base-leveled land. . . . Base-leveling implies a 
nearly undisturbed attitude of the land and sea, and hence in itself favors 
the view that no great deformation affected the continent while it was 
going on.” * Much submergence of lowlands would take place long 
before such widespread base-leveling had been accomplished. Sinking 
of the land (see below) would of course cause submergence, but whether 
submergence of the land, in any given case, has been due only or largely 
to sinkyig or gradation or to both is at present often difficult or impos¬ 
sible to determine, though it is quite certain that both processes have 

often been operative. 

Emergence may be caused either by (i) rise of the land; (2) lower¬ 
ing of the sea; or (3) both combined. Except rather locally as in the 


^ Chamberlin and Salisbury: College Geology, p. 479 - 
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cases of mountain-making (orogenic) movements, it may be doubted 
whether very considerable actual uplifts of extensive land areas thus 
cause great sea retrogressions. But the earth is certainly a contracting 
body with its whole surface approaching nearer and nearer to its center. 
It appears that “the rigidity of the earth may be such that its outer parts 
are able to withstand for a time the strain set up by contraction. As 
the strain accumulates, it ultimately overcomes the resistance, and the 
outer part of the earth yields. If the yielding results in the sinking of 
the ocean basin, the surface of the water is drawn down, and the sur¬ 
rounding lands seem to rise, unless they sink as much as the surface of 
the sea does at the same time. The lowering of the sea surface, because 
of the sinking of the sea-bottom, is probably the most fundamental single 

emergences of the 

comments alternating with periodic submergences in the course of 
geological history, are perhaps to be thus explained. Periodic submer¬ 
gences, on the other hand, might be explained by the sinking of the con¬ 
tinental segments of the earth, or by such sinking combined with the 
processes already referred to which cause the rise of the sea.” > The 

caption”^ periodic changes is further discussed under the next 

or through Geologic Tiiue. The idea of periodic 

or rhythmic recurrence of the greater diastrophic forces and events has 

rule that times of especially great activity—often very widespread— 

Su'rtrS‘ed"r‘’ quiescence. This is strikingly 

Iterf ’ ^ “"d ^"‘^eats of marfne 

waters over large parts of North America during the Paleozoic era 

The most profound times of diastrophism, causing widespread emergence 

of and or great mountain-making, are said to mark the close of the 

geologic eras while times of lesser activity often mark the clofe of [he 

nr f Whether, through known geologic time 

profound diastrophism has recurred rhythmically, or with any degree of 

gularity over the earth in general or even on a continental scale 

Some geologists believe that such rhythmic recurrences are shown by 

the geologic record. It is, however, rather certain that diastrophism in 

ome degree at least, has been constantly active ever since the oldest 

*R. D. Salisbury: Physiography, Advanced Course, pp. 401-402. 
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known rocks were formed. Also it is certain that mountain-making, 
involving compressive forces within the outer shell of the earth, and 
resulting in great belts of folding and thrust faulting on a continent, has 
varied in time and in location. This is clearly shown by the distribution 
of the principal mountain-making revolutions for North America as indi¬ 
cated in the table on “Main Divisions and Events of Geological Time’' 
in Chapter II. Each of these revolutions involved a certain part of the 
continent, and took place within a relatively short time. Usually 
mountains formed by great compressive forces are more or less worn 
down toward base level and then rejuvenated, often more than once, by 
uplift accompanied by little or no real folding. Fine examples of 
mountains which owe their present day heights to such rejuvenation 
are the Appalachians and the Sierra Nevada. Good examples of worn 
down remains or roots of once great mountains, which have long since 
ceased to be important topographically, are in the northern Great Lakes 
region, the Piedmont Plateau, and even in the bottom of the Grand 
Canyon of Arizona. 

Bucher^ comments as follows: “It seems that most orogenic epi¬ 
sodes, for which accurate timing is possible, fall into relatively few and 
short divisions of geologic time. This observation so far as it is true, 
suggests strongly that there is a tendency toward world-wide orogenic 
crises which are dynamically different from the longer times that 
separate them. . . . The times of major orogenic movements (com- 
pressional) were also times of epeirogenic movements (vertical) which 
caused the seas to recede widely from the continents. The longer times 
of orogenic quiet, and of geosynclinal sinking, were also times wherein 
the seas transgressed widely over the continents.” 

Significance of Geosynclines. A relatively long, large subsiding 
downwarp or trough, on a continent, in which sediments accumulate to 
great depth during a long geological time is called a geosyncline. The 
sediments are generally of marine origin. In order of magnitude, geo¬ 
synclines usually range from loo to several hundred miles in width, and 
from several hundred to several thousand miles in length. 

A typical geosyncline generally lasts through at least several geologi¬ 
cal periods, and sediments pile up in it to a depth of many thousands of 

fget_commonly 20,000 to 50,000 feet. Since the strata are of shallow- 

water origin as proved by coarseness of grain of much of the material, 
character of the fossils; ripple marks, mud cracks, etc., and since they 

*W. H. Bucher: The Deformation of the Earth’s Crust, p. 475. 
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pile up to such a great thickness, it is obvious that the floor upon which 
the sediments accumulate must subside more or less gradually during 
the process of deposition, and at about the rate of deposition. 

The finest large-scale examples of geosynclines in the history of North 
America were the Cordilleran trough extending 3000 miles across the 
western part of the continent, and the Appalachian trough extending 
2500 miles across the eastern part of the continent as shown by Figures 
61 and 80. Both of these lasted through Paleozoic time, and the Cor¬ 
dilleran trough lasted also through the Mesozoic. 

A remarkable fact is that, after long subsidence, a typical geosynclinal 
basin loaded with sediment is subjected to pressure at right angles to the 
axis of the trough, and folded and raised into a mountain range. This is 
because such a geosyncline marks a zone of exceptional weakness in the 
crust of the earth. 

Paleogeographic Maps. Paleogeography literally means “ancient 
geography” and deals with the geographic conditions of the earth during 
geologic time. In making a paleographic map to represent North 
America at a given time in its history, the attempt is made to show the 
relations of lands and waters, sometimes with distinctions between areas 
of marine and of continental deposition, location of highlands, etc. Un¬ 
til the present century there were only crude attempts at making such 
maps for North America, for the knowledge of the continent was not 
sufficient to form a reasonable basis upon which to work. Within the 
last thirty-five years, however, various sets of paleogeographic maps have 
been prepared. The maps used in this text are based upon data from 
various sources. A good example of a paleogeographic map is shown by 
Figure 23. 

To make a paleogeographic map showing the relations of sea and land 
during a given geological age, sea water should be represented as cover¬ 
ing areas (i) where marine strata of that age are known to outcrop, 
(2) where such strata are known to exist under cover of other forma¬ 
tions, and (3) where such strata once existed but have been removed by 
erosion (Fig. 13). From a study of the nature and distribution of the 
sediments, a good deal may often be learned in regard to the topography 
of the land areas of the age. Thus a nearly pure limestone formation 
indicates that land was a long distance away or was too low to furnish 
a very notable amount of clastic sediments. Thick deposits of coarse 
sediment show near-by high land with swift streams supplying the sedi- 
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Fic. 23. This paleogcographic map of the California region represents sea and 
land relations for the Cretaceous period in general, but, barring relatively minor 
details, it represents such relations for the much more restricted middle part of 
Late Cretaceous time when the sea was most extensive during the period. The 
sea certainly covered the areas of outcrops and known subsurface occurrences of 
strata of this age; all or nearly all of the areas from which such strata have been 
removed by erosion; and less certainly the other areas indicated by small 
parallel dashes. These are some of the principal factors to be considered in 
making generalized paleogeographic maps on a large scale or more detailed maps 
on a small scale. (After O. P. Jenkins, California Division of Mines.) 
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ments. Large amounts of shales and fine-grained sandstones strongly 
indicate rivers which flow long distances across large land areas. 

It should be borne in mind that such paleogeographic maps are gener¬ 
alized and rather tentative as regards many details—generalized because 
each map represents a considerable time period so that certain more local 
geographic changes during the period are not indicated, and tentative be¬ 
cause of lack of knowledge concerning many areas and lack of certainty 
in the correlation of formations in certain other areas. With progress in 
knowledge of the strata, less generalized and more accurate maps will be 
made. Nevertheless the series of maps used in this text will serve to give 
the beginner a very good idea of the broader features in the geographic 
development of our continent. 

The base used for all paleogeographic and rock distribution maps 
in this book is present-day North America. As a matter of fact, how¬ 
ever, the eastern and the western parts of the continent were somewhat 
wider before the crustal shortening effects produced by profound folding 
and thrust faulting, especially during the .Appalachian Revolution in the 
east and the Nevadan and Rocky Mountain Revolutions in the west. 
In an elementary book it would be unsatisfactory to try to take this fact 
into consideration with any degree of accuracy when drawing the maps 
because amounts and locations of such crustal shortening were so variable 
and they are usually so little understood. At best, continent-wide paleo¬ 
geographic maps, showing relations of sea and land for different, re¬ 
stricted parts of geologic time, can, in the light of present knowledge, 
be drawn in generalized form only. Such maps in this book are, how¬ 
ever, believed to be sufficiently accurate to give the reader good ideas 

of some of the important sea and land relations since Early Paleozoic 
time. 



CHAPTER VII 


ORIGIN AND PRE-GEOLOGIC HISTORY 

OF THE EARTH 

If we define geology as the study of the history of the earth and its 
inhabitants as revealed in the rocks, it is evident that the problems of the 
origin and very early development of the earth are strictly astronomic 
rather than geologic. It is generally agreed that geologic history did 
not begin until the ordinary earth processes, such as weathering and ero¬ 
sion, transportation and deposition of sediments, etc., began to operate. 
Since, however, the pre-geologic condition of the earth must have gradu¬ 
ally given way to its geologic condition, it is a matter of interest for the 
geologist to consider the hypotheses regarding the very early develop- 

ment of the earth. 

The Solar System 

The sun has a diameter of about 866.000 miles, and a volume 
I 300,000 times that of the earth. Around this central sun nine plan- 
ets—Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, 
and Pluto—revolve in nearly circular orbits. Three of these planets 
Mercury, Venus and Mars—are smaller than the earth, while the others 
are larger, Jupiter being 1300 times as large. The earth is about 
93,000,000 miles from the sun and requires one year for a trip in its 
orbit around the sun, while Pluto, most distant of known planets, is 
about 3,680,000,000 miles from the sun, and it requires 248 years for 
a revolution about the sun. Each planet also rotates upon its axis, the 
earth accomplishing a rotation every twenty-four hours. Most of the 
planets have smaller bodies called satellites or moons revolving about 
them, such as Earth with its one moon, Saturn with eight moons, etc. 
The sun and the nine planets with their satellites, together with a group 
of many small independently revolving bodies called “planetoids,” com¬ 
prise the solar system. That this solar system constitutes only a very 
small part of the universe is clearly proved by the fact that the nearest 
fixed star is several trillions of miles from the earth. 

S 3 
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Some of the well-known facts which any hypothesis of the origin of 
the solar system must explain are as follows: (i) The planet orbits are 
all elliptical, but nearly circular; (2) the orbits lie in nearly the same 
plane; (3) all planets revolve about the sun in the same direction; (4) 
the sun’s direction of rotation is the same as that of the planets’ revo¬ 
lution; (5) the planes of the planets’ rotation nearly coincide with the 
planes of their orbits (except Uranus and Neptune); (6) the direction 
of the planets’ rotation is the same as that of their revolution; and {7) 

the satellites revolve in the direction of rotation of their planets (two or 
three exceptions). 


Hypotheses of Earth Origin 

Nebular or Ring Hypothesis. In 1796 Laplace published a re¬ 
markable work on astronomy, and in it, incidentally, he put forth his 
now well-known hypothesis regarding the origin of the solar system. He 
postulated a spheroidal mass of very highly heated, incandescent gas or 
nebula greater in diameter than the present solar system, this whole mass 
rotating in the direction of the revolution of the existing planets. Due 
to loss of heat by radiation, this mass contracted and its shrinkage neces¬ 
sarily made it rotate more rapidly upon its axis, at the same time causing 
the centrifugal force on its outside to become stronger and stronger. 
Finally the centrifugal force at the equator became equal to the force of 
gravity and the equatorial portion was left off (not thrown off) as a ring 
surrounding the contracting remainder. The materials of the ring con^ 
densed to form the outermost planet. By continued contraction of the 
rotating nebula, the other rings and planets were formed. The satellites 

were produced in a similar manner by rings left off by the shrinking 
planets. 

Briefly, according to this hypothesis, the earth was originally highly 
heated and much larger than now. During its cooling and contraction, 
its original hot and dense atmosphere, which contained all the earth’s 
water in the form of vapor, gradually became thinner due to absorption 
by the earth. When the conditions of pressure and temperature were 
favorable, water vapor condensed to form the hydrosphere. The oldest 
rocks must have been igneous, that is, they were portions of the original 
crust formed by cooling of the molten globe. 

For over a hundred years the Laplacian hypothesis exerted a pro¬ 
found influence upon science, philosophy, and theology, and certainly 
many of the important phenomena of the solar system are explained by it. 
Some serious objections to it may, however, be briefly stated as follows: 
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(i) Nearly all existing nebulae are spiral and not circular; (2) spectro¬ 
scopic study shows that these nebulae do not consist of gas, but rather of 
discrete liquid or solid particles; {3) the backward revolutions of certain 
satellites oppose the hj^Dothesis; (4) rings could not have been left off, 
that is, there could have been no intermittent process of the sort; and 
(5) it is not at all clear how the matter of the rings could have con¬ 
densed into planets. 


Planetesimal or Spiral Hypothesis. It is a remarkable fact 
that, although many thousands of nebulae are known, there are very few 
examples of ring nebulae of the Laplacian type among them. Spiral 
forms are very common, especially the smaller ones. Also, as above 
stated, spectroscopic study of these nebulae shows them to be made up 
of discrete (liquid or solid) particles rather than gas. The Planetesimal 
hypothesis, formulated by Cham¬ 
berlin and Moulton, “postulates 
that the matter of which the sun 
and the planets are composed was, 
at a previous stage of its evolu¬ 
tion, in the form of a great spiral 
swarm of discrete particles whose 
positions and motions were de¬ 
pendent upon their mutual gravi¬ 
tation and their velocities’* (Moul¬ 
ton). A nebula of this sort 
comprised a luminous central mass 
(the future sun) from the opposite 
sides of which two luminous spiral 
arms streamed out with occasional 
larger masses or knots along each 
arm, and with dark lanes between 
the arms (see Fig. 24). Also some 
nebulous matter occupied the 

spaces between the arms. Such a distribution of matter in a spiral 
shows that the form could not have been maintained by gaseous pressure, 
as in the Laplacian hypothesis, but rather by the movements of the 
separate particles or masses. Since these particles are thought to have 
moved like miniature planets, they are called planetesimals. Each plan¬ 
etesimal is considered to have moved in its own orbit around the central 
mass. The planetesimals did not move along the arms of the spiral, but 



Fig. 24. A very symmetrical spiral 
nebula in Pisces (M. 74). Photo by 
Lick Observatory. (From Chamber¬ 
lin and Salisbury’s “Geology,” per¬ 
mission of Henry Holt and Com¬ 
pany.) 
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rather crossed them at considerable angles (Fig. 25), “When we see 
a spiral we do not see the paths which the separate masses have de¬ 
scribed. but the positions which they occupy at the time. In the pres¬ 
ent case (Fig. 25) if a smooth curve is drawn through the regions where 
the matter is densest, it will form a sort of double spiral as represented by 
the dotted lines’ (Moulton). The full lines in the figure represent 
orbits of some of the particles or knots. 

The planetary bodies, including the earth, began as hot gas-bolts shot 



sa 


Fig. 2$. DiaRram to illustrate the formation of a spiral nebula. S, sun; S', pass¬ 
ing star whose direction of passage is shown by the arrows. The curved lines 
show the paths followed by nuclear (planetary) masses (numbered dots) pulled 
out from S by S . The straight Unes are the paths which the planetary masses 

followed had S' remained stationary in each of the positions indi- 
cated. The curved dotted lines pass through zones containing planetary and 
other nuclear masses, thus producing the two luminous spiral arms of the 
nebula. (Modified after Moulton.) 

out from the sun, and, in cooling, each of these gas-bolts condensed to a 
nuclear body or knot associated with myriads of planetesimals. Largely 
because of the crossing of orbits, the knots or nuclei increased in size by 
a gathering in or accretion of planetesimals. Meteors which now strike 
the earth, and then are called meteorites, are thought to be planetesimals 
still gathering in, though at a very slow rate. 

The origin of the spiral is believed to have been caused partly by 
strong tidal disrupting effects generated in the central body (sun) by a 
passing star, and partly by eruptive activity of the sun itself. The sepa¬ 
rated masses at first moved straight toward the passing star, but, because 
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of change in position of the passing body, they gradually became pulled 
around and their paths curved into spirals as shown by Figure 25. In 
accordance with the principle of the well-known tide producing force, 
similar masses must also have shot out from the opposite side of the sun 
or central body. Finally, when the passing star had so far gone by as to 
have largely lost its power of very effectively attracting the sun, the 
spiral orbits of the planetesimals and larger planetary bodies gradually 
became coiled into elliptical, nearly circular orbits around the sun which 
then became the central attracting body. 

Briefly, according to this hypothesis, the earth was never, except in 
its very early nuclear stage, a highly heated gas and never necessarily 
more highly heated than at present; hence sedimentary as well as igneous 
materials may well be expected among the earliest formed rocks. In¬ 
stead of a much larger original earth, it increased in size by accretion of 
planetesimals. With increase in size came increase in force of gravity, 
causing compression of the earth’s matter and generation of more and 
more interior heat (probably aided by radioactivity), thus inaugurating 
volcanic activity. Accompanying this increasing pressure and heat, 
gases (including water vapor) were driven out to form an atmosphere 
which gradually became larger and denser. When the water vapor had 
sufficiently accumulated, precipitation resulted to initiate the hydro¬ 
sphere. 

Modification of the Planetesimal Hypothesis. Jeans and Jef¬ 
freys have set forth what may be termed a modification of the planetes¬ 
imal hypothesis, very briefly summarized as follows. The disruption of 
the sun by a passing star was caused by the tide producing force with 
little or no aid from the eruptive activity of the sun. Instead of hot gas- 
bolts shot out from the sun from time to time, a long streamer of very 
hot gas was steadily pulled out of the sun by the passing star and drawn 
forward by the star. This streamer, which reached to the outer bound¬ 
ary of the solar system, became disrupted into ten parts which formed 
into spheres—nine of them planets, and one of them the group of the 
planetoids. When the passing star moved far enough away the plane¬ 
tary bodies, then dominated by the attractive influence of the sun, began 
to revolve around the sun in orbits. As an objection to this hypothesis, 
it has been suggested that materials of such a gas-bolt would disperse 
rather than collect. 

According to this hypothesis the earth was originally a highly heated, 
incandescent gas. Then it cooled to full-size molten condition. About 
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the beginning of geological time a solid crust formed over the fluid in¬ 
terior. The earth was then surrounded by a very thick, hot, dense 
atmosphere which in time cooled enough so that its contained water 
vapor could condense in tremendous quantities and thus produce the 
oceans. As cooling and solidification proceeded, lighter rocks were 
formed in the outer shell of the earth, and heavier and heavier material 
downward toward the center. 

Dust Cloud Hypothesis. According to Whipple vast distances of 
interstellar space are filled with huge amounts of dust and gas. His 
hypothesis suggests that planets and stars were originally formed from 
immense collections of sub-microscopic particles floating in space.*' The 
following excerpts from his paper {Scientific American, Vol. 178, May 
1948, pp. 34-45) give some idea of the hypothesis. A huge dust cloud, 
the forerunner of our solar system, “has begun to condense under gravity. 
There will be minor turbulent motions of the material within it—sub¬ 
clouds, or streams of dust—that slide by each other or collide. . . 
The cloud contracts more and more powerfully as it becomes smaller be¬ 
cause, as its density increases, the force of gravity among the particles 
increases ... the cloud collapses faster and faster. Its final collapse 
from a size equal to that of the solar system would require just a few 
hundred years. Due to increasing temperature in the contracting cloud, 
its temperature rises enormously. In the last, white-hot phase of its col¬ 
lapse the (central part) sun would begin to radiate as a star. 

“We return to the cloud before it has begun to shrink appreciably, 
and follow the largest stream in the cloud. If the dust in this stream is 
sufficiently dense, the stream condenses into minor clouds” which may be 
strung along in a series. “As these clouds drift along together, roughly 
in the same direction, they will pick up material less compact than them¬ 
selves; hence they will grow slowly, feeding on portions of the great 
cloud. As they grow, the minor clouds, now ‘proto-planets,* begin to 
spiral slowly in towards the center of the main cloud. . . . Some of the 
proto-planets move in more rapidly than others, their rate depending on 
their size, and on chance encounters with other streams. . . . Long 
before some of them (the proto-planets) have completed their spiral, 
the main cloud collapses and forms the sun. Its rapid final collapse 
leaves a number of proto-planets stranded in their orbits, outside the 
collapsing cloud. Some are trapped too near the center, and are pulled 
in or destroyed by the sun's heat. Others are far enough away to remain 
intact. They condense and form the planets. . , . When first formed. 
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the planets are hot, perhaps hot enough to be in a molten condition. . . . 
Gradually they cool off.” 

Other Hypotheses. A recent (1949) hypothesis by Kuiper, as re¬ 
ported in Science iXeivs Letter, is that “three billion years ago there was 
a giant cloud of gas and dust rotating around the sun. A few thousand 
years passed and a thin pancake was formed a gigantic ring in the 
plane of the present planets. Whirling eddies of matter appeared.” 
These became “proto-planets” which shrank and finally condensed into 
planets. Solar tidal forces rotated the proto-planets in the same direc¬ 
tion as their movements around the sun. 1 he planets were formed by 
collection of solid matter in a manner somewhat like that advocated in 

the Planetesimal Hypothesis. 

Another hypothesis, according to \\eizsacker (1944) is that the sun 
had a nebular shell which later developed into an equatorial disc in 
which the heavier elements existed as tiny solid particles throughout the 
gaseous part. Swirls or vortices formed, and collisions of the solid par¬ 
ticles (planetesimals) took place, with resultant collection of the parti¬ 
cles into planets and satellites. In certain respects this hypothesis is 
similar to the Laplacian Ring Hypothesis, and in others to the Planetesi¬ 
mal Hypothesis. 



CHAPTER VIII 


THE EARTH’S INTERIOR 

Was the Earth Once Molten? 

The temperature of the outer shell of the earth increases downward 
at the rate of i®F. in 50 to 60 feet. Therefore, the temperature at 
depths of 30 to 35 miles is several thousand degrees. This is high 
enough to cause all known rocks, under surface conditions, to become 
molten. But, at the depths just indicated, earth material cannot be in a 
molten state in the ordinary sense of that term because of the great 
pressure—200,000+ pounds per square inch—which there obtains. Be¬ 
low a depth of about 30 to 35 miles, however, there is a thick layer or 
zone of the earth which is in a semi-molten or plastic condition. This 
zone may be thought of as potential magma which, upon sufficient re¬ 
lease of pressure, would become actual magma. According to this reas¬ 
oning, the solid layer of the earth down to a depth of 30 to 35 miles may 
be called the earth’s crust. Seismographic records of reflections of earth¬ 
quake waves, at the general depth mentioned, strongly supports the idea 
of a solid crust or outer shell resting upon earth material of distinctly 
different nature. The thickness of the plastic zone is not accurately 
known, but at a depth of 1800 miles, or somewhat more, there is another 
notable change in the nature of the earth material. This is proved by 
the fact that only the longitudinal earthquake waves pass through this 
central part of the earth, the transverse waves failing to do so. This 

suggests strongly that the core of the earth is in a liquid or molten state 
(Fig. 26). 

Another fact of importance is that the specific gravity of the earth as 
a whole is much greater than that of the known rocks of the outer shell. 
It is reasonable to conclude, therefore, that the zones or layers of the 
earth consist of successively heavier material with increasing depth. 

It is more or less open to observation that the relatively thin, solid 
crust (outer shell) of the earth consists mainly of granitic and basaltic 
rocks usually covered with veneers of sedimentary and metasedimentary 
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rocks. Next below is heavier, probably viscous or plastic basaltic ma¬ 
terial, under which is still heavier material of the plastic zone, while the 
extra-heavy core of the earth is probably molten iron and/or other sub¬ 
stances rich in heavy metals. 

The earth could not have existed always in the condition in which we 


CRYSTALLIZED SIMA 



Fic. 26. Diagram suggesting the shelled or layered structure of the earth. Accord¬ 
ing to Daly, the vitreous shells, particularly the sima, are of the nature of hot, 
glassy, highly viscous material which has properties of both solid and liquid, 
and is, therefore, more or less plastic under high pressure conditions. Seismo- 
graphic records rather doubtfully suggest the several layers or shells between 
the sima and the core. (After E. A. Hodgson Smithsonian Report for 1931, p. 

358.) 

have pictured it. Evidently it was once molten from surface to center; 
the heaviest materials gravitated to the central portion; and the present 
zonal condition, with a thin, solid crust, is only a stage in the cooling 
process which will result in an earth solid from surface to center. Judg¬ 
ing by the age of the oldest known rocKs, the earth was completely 
molten at least 2,000,000,000 years ago. 
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Most of the heat which passes through the solid crust comes from 
the still hot interior of the once completely molten earth. Some of this 
heat probably results from radioactivity. The source of practically all 
such heat, based upon calculations as to the amount of heat which 
reaches the surface of the earth from its interior, must be within the 
outer shell where certain radioactive minerals occur. 

SiAL AND Sima 

So-called “sial” very largely constitutes the continental masses 
of the earth’s crust, while so-called “sima” very greatly predominates in 
the crust under the Pacific and Atlantic Oceans, with almost no sial under 
the Pacific, and not more than a thin, discontinuous layer of it under the 
Atlantic. The sial consists largely of granitic rock together with some 
sedimentary and metamorphic material, and the sima consists of denser 
(probably basaltic) material. Sima is distinctly denser or heavier than 
sial. The nature of the sial is largely open to direct observation and 
analysis. But the nature of the sima must be inferred from such facts 
as: (i) Pacific islands rising from the depths of the sea are basaltic, and 
(2) earthquake waves travel faster under the ocean basins than through 
the continents indicating that the oceanic material is denser as would be 
expected with sima of basaltic composition. Also force of gravity tests 
show that the material of the continents is distinctly lighter than that 
under the Pacific and Atlantic Oceans. 

Why do the continents stand out in marked relief against the ocean 
basins? Because the continental rock masses of lighter weight stand 
high in their general equilibrium with the heavier rocks of the ocean 
basins. In other words, the crust of the earth consists of both sima and 
sial mostly in separate masses or blocks—oceanic and continental— 
floating on plastic basaltic material. Because they are the lighter, the 
continental blocks stand higher than the oceanic blocks of sima. 

Is there any reasonable explanation for the above described uneven 
distribution of sima and sial? G. H. Darwin offered the theory that the 
tide producing (or attractive) force of the sun caused a large mass of 
material to be torn from the earth to become the moon; that this took 
place after a thin crust had formed on an otherwise molten earth; and 
that the birth of the moon left a vast depression now considerably modi¬ 
fied, but largely constituting the vast Pacific Ocean basin. Now accord¬ 
ing to Gamow,^ “the giant fragments of the remaining primeval (gra¬ 
nitic) crust, which were floating on the molten surface of the heavier ba- 

* George Gamow: Biography of the Earth, p. 77. 
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salt immediately after the catastrophe of the moon’s birth now constitute 
the continental massifs, whereas the solidified outer layers of the exposed 
basalt (covered, with the exception of the Pacific basin, by a thin granite 
layer) form the bottoms of the ocean basins.” Gamow further suggests 
that the tidal force which presumably tore the mass of material from the 
earth, leaving the great Pacific depression, reacted to the opposite side 
of the earth and could have caused the single, vast, thin, sialic layer there 
to crack into large pieces several of which drifted away on the molten 
underlying material to become the Western Hemisphere, Australia, 
Antarctica, and Greenland while the large remaining portion is the East- 
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ern Hemisphere. According to this view, then, if any continental drift¬ 
ing on a large scale occurred, it must have been soon after a relatively 
thin granitic crust formed on the molten earth, or much longer ago than 
in comparatively recent geologic time as advocated by Wegener. 



CHAPTER IX 


THE ARCHEOZOIC ERA 

The Oldest Known Geological Records 

In earth history, as in human history, the recorded events of earliest 
times are fewest and most obscure, and hence the least intelligible of all. 
In spite of a certain disadvantage in beginning with the least known part 
of the history of the earth, the only satisfactory method of presenting 
the subject is “to follow the natural order of events. This has the great 
advantage of bringing out the philosophy of the history—the law of evo¬ 
lution” (J. Le Conte). The earliest known geological history is re¬ 
corded in the Archeozoic (or Archean) rocks. While it is true that these 
rocks are unusually difficult to decipher, partly because the original struc¬ 
tures of these rocks have generally been so profoundly changed (meta¬ 
morphosed), and partly because of the almost complete absence of well- 
defined fossil forms, nevertheless, certain very definite and important 
conclusions regarding the earliest known era of geologic time may be 
reached through a study of the Archeozoic rocks which are believed to be 
more than one billion years old, and probably two billion. 

General Nature and Origin of the Archeozoic Rocks 

“Archean Complex,” “Basal Complex,” “Fundamental Complex,” 
etc., are all terms which have been applied to the Archeozoic rocks which 
invariably occupy a basal position with reference to all other rocks. 
The Archeozoic rocks comprise a crystalline complex, comprising various 
kinds of igneous rocks and metamorphosed strata, beneath the base of 
the more or less well-determined sedimentary succession. 

Briefly stated, the Archeozoic rock assemblage exhibits the following 
characteristics: (i) So far as observed, it always shows a profound un¬ 
conformity or erosion surface at its summit; (2) its lower limit or base 
has never been determined, and is likely inaccessible; (3) its thickness 
is very great, at least tens of thousands of feet, and possibly many miles; 
(4) its rocks are always crystalline and usually highly metamorphosed 
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and tilted or folded; (5) it comprises a most hetereogeneous group of 
rocks, often intimately associated, such as lavas and tuffs; schists, 
quartzites, and marbles, representing shales, sandstones, and limestones 
which have been highly metamorphosed; some beds of iron ore; and 
great volumes of plutonic rocks, especially granites and granitic gneisses; 
(6) the igneous rocks almost always greatly predominate, particularly 
in its lower portion; (7) it rarely, if ever, contains distinct fossils, though 
certain evidences of life do exist; and (8) as far as known it is univer¬ 
sally present at or under the earth’s surface. 

The Archeozoic has been more or less studied in various countries, 
and the above named features always appear to characterize it. Caution 
must be exercised, however, in assigning groups of rocks in different 
regions to the Archeozoic merely because they present some or many of 
these characteristics. Many rocks formerly classed with the Archeozoic 
have been proved to be of later age. If rocks with all the characteristics 
of Archeozoic lie below definitely determined (by fossils) Cambrian 
strata, and are separated from the Cambrian by a great series of sedi¬ 
mentary or metamorphic rocks (Proterozoic), then we may be fairly cer¬ 
tain that the rocks belong to the Archeozoic group. If crystalline rocks 
of Archeozoic appearance are directly overlaid by Cambrian strata, or by 
Mesozoic strata, the crystalline rocks in the first instance may be either 
Archeozoic or Proterozoic, and in the second instance of any age preced¬ 
ing the Mesozoic era. 

Distribution of Archeozoic Rocks 

As far as known, Archeozoic rocks appear to be universally present 
at or below the earth s surface. If this be true, and all evidence strongly 
favors such a view, it is a most remarkable characteristic of the Archeo¬ 
zoic, because no other rock assemblage has such a distribution. There 
is a widespread surface distribution of Archeozoic rocks, in large and 
small areas, throughout the lands of the earth. 

On the accompanying map (Fig. 28) the surface distribution (areas 
of outcrops) of pre-Cambrian (Archeozoic and Proterozoic) rocks in 
North America is shown. Most of these areas contain more or less 
Archeozoic. The map shows the greatest area of pre-Cambrian rocks in 
North America to be around Hudson Bay. Of this vast area of fully 
2,000,000 square miles, much is Archeozoic. It is commonly called the 
Canadian Shield. Among the principal smaller areas containing Archeo¬ 
zoic rocks are the Arctic Islands, Greenland, Newfoundland, the eastern 
highland region of the United States, Michigan, Wisconsin, and numer- 
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Fig. 28 Map showing surface distribution, or areas of outcrops, of Archeozoic and 
Proterozoic rocks in North America. Largest area shown by dotted pattern; 
smaller areas by solid black. 


ous areas in the Cordilleran region, especially in the western United 

States. 

In drilling deep wells in many places, particularly in the upper 
Mississippi Valley, rocks of the pre-Cambrian complex have been en¬ 
countered, and so we may be conhdent of the presence of Archeozoic 
under cover of thousands of square miles of later rocks. These facts of 
distribution, together with the fact that wherever erosion has gone deep 
enough the Archeozoic never fails, leave little room for doubt concern¬ 
ing the universal presence of these rocks in North America. 
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Subdivisions of the Archeozoic Rocks 

In most regions where they have been studied, Archeozoic rocks 
consist of two or more distinctly different classes of rocks—metamor¬ 
phosed strata of various kinds, plutonic rocks of different kinds (mostly 
granite), and often metamorphosed volcanic rocks. In many places 
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metomorphosed ) 
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these rocks may be separately mapped as such, but in many others differ¬ 
ent kinds are so intimately mixed or associated as to preclude separate 
mapping. In every known region the very oldest are surficial rocks of 
either sedimentary or sedimentary and volcanic origin, and these are cut 
or intruded by (younger) plutonic rocks. The present state of our 
knowledge does not warrant the subdivision of the Archeozoic anywhere 
into more than two definite periods or systems. In most regions not 
even two such subdivisions have been determined. 

The accompanying tabular summaries (Tables i and 2) show im¬ 
portant subdivisions of the Archeozoic and Proterozoic in a portion of 
North America where a fine display of widely exposed pre-Paleozoic 
rocks have been carefully studied. This may be regarded as the type 
region of the continent for these ancient rocks. 

Lake Superior-Lake Huron Region 

Keewatin System. The Keewatin system of rocks has a wide¬ 
spread distribution, outcropping in many large and small areas across 
southern Ontario in Canada, and in northern Minnesota and northern 
Michigan in the United States. It includes the oldest determined rocks 
in the region, and no rocks anywhere else are known to be older. 

The Keewatin is a highly metamorphosed complex of lava flows and 
tuffs with some intercalated beds of original sediments now in the form 
of slates, schists, and cerUin iron-rich rocks. They are usually gray or 
dark green. Even the volcanic rocks have often been rendered schistose 
by metamorphism. In spite of the fact that the rocks are generally 
much metamorphosed, enough diagnostic features are preserved to prove 

their origin. 

In most places the Keewatin rocks show steep dips because they have 
been strongly folded. They are commonly thousands of feet thick— 
in some places more than 20,000 feet. The full thickness is not known, 
first, because the upper part of the original pile has been profoundly 
affected by erosion, and, second, because the bottom of the pile has never 
been found. The fact that they are surficial rocks makes it certain that 
they must have accumulated on top of still older rocks. It would indeed 
be interesting to know the nature of those still more ancient rocks. 
Future researches may tell us—that is, if such very ancient pre-Keewatin 
rocks still exist. If so, a still earlier chapter will be added to our knowl- 

edge of earth history. 

The Coutchiching series compri.ses very ancient sedimentary rocks 
which have been metamorphosed mainly into slate and mica schist. In 
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Canada, a little west of Lake Superior, it is said to be several thousand 
feet thick. Its exact relation to the Keewatin is still a problem. In 
any ca.^e it is very clo.sely related to. and seemingly conformable with 
and part of, the Keewatin system. By some it is believed to overlie the 
Keewatin. at least in part. By others it is believed to underlie the Kee¬ 
watin proper, and, if so, it is the world's oldest known rock formation. 

r- 



tie.- 29. A detail view of very ancient .Archeozoic (Keewatin) rock. It is highly 
metamorphosed, schistose, volcanic rock the foliation of which shows nearly 
vertical dips. Ely, Minnesota. 


Laurentian Revolution and Granite Intrusion. .After the ac¬ 
cumulation of the great Keewatin system of rocks, the so-called Lauren- 
tian granite was intruded into it in the form of batholiths throughout 
much of the region where it is the oldest known plutonic rock. The heat 
and pressure of the rising magma helped to metamorphose the Keewatin 
rocks and much magmatic material penetrated and variably digested the 
older rocks (Fig. 31). 

'I'he granite intrusions accompanied a widespread though rather mod¬ 
erate degree of folding of the Keewatin rocks. This folding, accom¬ 
panied by the intrusions and uplift, may be called the Laurentian Revo- 
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lution. This is the earliest definitely known deformation oi the earth’s 
crust (Fig. 33). 

After (and in part during) the Laurentian Revolution, and before 
the next oldest (Timiskaming) rocks were formed, the whole Keewatin 
region was more or less deeply eroded. This we know, first, because the 
folds were truncated by erosion, and granite batholiths were laid bare, 
before the Timiskaming rocks were laid down upon them, and, second, 
because pebbles and boulders of both Laurentian granite and Keewatin 
rocks are common at the bottom of the Timiskaming system (Fig. 33 ) 

Timiskaming System. A great system of rocks, very largely sedi¬ 
mentary in origin, directly overlies the Keewatin system in many places 
from western Quebec westward across Ontario, and also west and south 
of Lake Superior. Where the rocks of this age are particulady well 
exposed in a large region in western Quebec and eastern Ontario, they 
have been named the Timiskaming system. Rock series such as the 




30 Detail view of an exposure of Late Archeozoic (AlKoman) banded gneiss. 

In this case a foliated, dark colored, igneous rock was 

foliation by thin sheets of molten granitic material (light colored). 

in the northeastern Adirondack Mountains, New York. 
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Sudbury. Seine River. Dore, Knife Lake, and others, which have been 
independently described and named in various i)arts of the larj^er re<iion, 
are now rather conlidently believerl to represent part.'^ or series of one 
sjre.it s\stem the I imiskamini;— which is widespread throughout the 
Lake Superior-Lake Huron region ( Liiz. 52). 

I he basal portion of the rimiskamin” system is nearly- always a 
ureat conglomerate formation. In re^^rd to this conglomerate in the 


sAnite which - ■'^''-eo^oic , I.aurcntian) 

Ahich thi ‘T?"" ' “ '•ockv The macma from 

<:■ rk r' r contaminated l,y partial tiittc^tion of an okier. 

. k „k a number o, un,invested strips ami fragments of which show in the 
<'uUrop miU-> north oi Witch Lake. Michigan. 

t.vpe reoiot, „f ,he Tintiskantins, H. C. ('o„ke say.s: “The thickness of 
the basal conttlonterate varies from ^ero to mane- thot,sands of feet fre- 
qtiently w.thm short distances alont; the strike, and this, together with 
other characteristics, such as lack of ronntlino of the pebbles in manv 
places, suooests that it is of sttbaerial ori.oin, probably lai.l tlown as al- 
hul.il tans or cones. The conglomerate contains pebble^ of all the Kee- 
wattn rocks, both volcanic and sedimentarc, and also ereat numbers of 
pebbles ot various -tranitic rocks. It is evident, therefore, not onlv that 
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the conglomerate o\erlies the Keewatin with unconformity, but also that 
the Keewatin was intruded by (Laurentian) granite bodies A^hich were 
unroofed by erosion prior to or during the deposition of the Timiskaming 
system.” 

The upper portions of the Timiskaming system consist largely of 
quartzites, slates, schists, graywackes, and so-called iron formation, often 
with interbedded lavas and tuffs. Crystalline limestone seldom occurs. 
Nearly all of the now altered sediments seem to be of non-marine or 
continental origin. The whole system in places, such as the Lake Timis- 



Fio 32. 


An exposure of .steep-dippinc: TimUkammp (or ^dbury) 
rocks (schists and quartzites). Near Walford, Ontario, 


metasedimentary 

Canada. 


Kdming and Sudbury regions of Ontario, reaches a thickness of 20,000 
feet or more. Thicknesses of thousands of feet are common. 

There has been some difference of opinion as to whether the FimiS- 
kaming should be regarded as Archeozoic or Proterozoic. Several care¬ 
ful students of the subject na^'e pointed out that the Timiskaming and 
Keewatin are distinctly more closely related than the Timiskaming and 
the next overlying (Lower Huronian) rocks of Proterozoic age. Thus 
the erosional surface (unconformity) separating the Timiskamin^, anc 
Keewatin, and also the structural differences and degree of metamor¬ 
phism of the two systems, are much le.ss pronounced than those between 
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the Timiskaming and Lower Huronian. For these reasons it seems best 
to classify the Timiskaming with the Archeozoic. 


Algoman Revolution and Granite Intrusion. After the great 
Timiskaming system of sediments and associated volcanics was laid 
down, the Lake Superior-Lake Huron region experienced a second period 
of strong diastrophism—this time much more intense than that of the 
first (Laurentian) disturbance. It has been called the Algoman Revolu¬ 
tion. Accompanying the orogenic movements, great and widespread 
batholiths of plutonic rocks, commonly called Algoman granite, broke 
into, cut to pieces, and helped to disturb and metamorphose both the 

Keewatin and Timiskaming systems (Fig. 33). 

“The pre-Timiskaming (Laurentian) folding, important as it was, 

was only a minor movement compared with the great (Algoman) folding 
that succeeded the Timiskaming deposition and closed the Archean (or 
Archeozoic) era. So powerful was the compressive stress behind the 
latter movement that the Keewatin and the Timiskaming systems, wit 
a combined thickness of many miles, were crushed into (mountain) folds 
with almost vertical dips on the flanks, while the less competent members 
(beds) were rendered schistose. This movement was closely followed 
(or accompanied) by the intrusion of the great batholiths of (Algoman) 
granite that now outcrop over immense areas. ... 1 en o owe an 

erosion interval of great length during which the mountains were entire y 
levelled, and the peneplain was formed on which the Huronian lies where- 

ever found” (H. C. Cooke). . 

Not only in the Canadian region, but wherever the Proterozoic rocks 

of North America have been found resting upon the Archeozoic, the two 
sets of rocks are separated by a profound unconformity representing a 
very long interval of erosion. Evidently North America stood well 
above the sea for a long time, and was nearly leveled by erosion, before 
the oldest known Proterozoic strata were laid down. 


Ahcheozoic of Southeastern Canada and Northern New York 

Grenville and Hastings Systems. Throughout southeastern On¬ 
tario, southern Quebec, and the Adirondack Mountains of northern New 
York the oldest known pre-Cambrian rocks are highly metamorphosed 
sediments constituting the great Grenville system. It is many thousands 
of feet thick. It consists largely of schists, quartzites, and crystalline 
limestones representing highly metamorphosed shales, sandstones, and 
limestones. Lme altered igneous rocks seem to be contemporaneous 
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with the strata. I he (jrenville strata have been so profoundly changed 
from their original condition that certain of the highly sedimentary fea¬ 
tures have been completely obliterated. 'I'hus the absence of water- 
worn particles and fossil forms, both of which are so characteristic of 

rata, is due to complete crystallization (metamorphism) of 
the Cjfenville strata since their deposition. I'here are. however, certain 
proofs of the sedimentary origin of the Grenville. The fact that these 
rocks commonly occur in alternating layers, which stand out in sharp 
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Fi(.. 34- Archeozoic (Grenville) metamorphosed strata in the southern Adirondack 

Mountains of Xew ^ork Note the distinctly preserved stratification in these 

stronedy tilted, hmhly crystallized rocks which include quartzite and itrav encLs 
beds. • ^ 


contrast because of marked differences in composition anri coior, fur¬ 
nishes strons evidence that this (iistinct banded effect is due to liifferences 
in original sedimentation (Figs. 34, 35). A great mass of igneous rock 
is generaiij’ characterized by more or less homogeneitv throughout; a 
mass of typical sediments, on the other hand, is arranged in distinct 
layers, such as shale, sandstone, or limestone which show frequent dif¬ 
ferences in composition. In the Grenville there are e.xtensive beds of 
crystalline limestone and quartzite, and such rocks could not have been 
of igneous origin. In some places the strata are so filled with graphite 
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rlr.. vi.-w „1 . ru.npK''l. '"■'■P 'I'PI'".-. .mpin., I..'.. . . ' 

Mom. ..r ma.I.U' o, A, , lu„/..u (.nin.lU-' ...v Mu... ot I..- ' 

Quebec, Cana,la I’l.n... b^ M I W.l-en. l,.,.l,.eual Mucec n, . 

Oakes that tlie mineral i' mined. < arhnn exislina iind. ' mh h i i.nditinn, 
is (lonbtle.ss of or<;anic' oriitin and reiireM iit' (in cix.-l.i i/i' Inrm) 
final stane in the deeom|.o.Mtion of or-ani.niK uhieh lived i.i the \vater> 

while the (Irenville strata were heima depodted. 

In the western par. of .eontheaMern Ontario the (henville eontam. 

some altered lava llowM and it is there overlain mu ...ilormahly h> the 

Hastings system of metasedimen.s a. the base of wliu h there ,s a eon- 

^lomeratf formation. 

Orogeny and Batholithic Intrusions, After the deposition oi 
the Orenville-Has.inas strata, and before the deposition o, the next 
succeeding (Ihironian , system of strata, folding, varying trom mo.leiate 
to intense, anil accompanied by igneous activity, took place o.i a grand 
scale throughout nuu h of southeastern Canada and the Ad.rondai k 

1 V li t!holitliii' l)o<lif'^ ol mollfH toLK, \.tt\ 

region ot northern Neu ^oik. liainumi , . , 

ing from gabbro and anorthosite to granite were torced ...to the strut,. 

from below. The present-ila.v distribution an, mode o. 

shows that the molten masses broke into the (crenville strata ot the 
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Adirondack region in an irregular manner. In the northwestern part 
of this region the strata were strongly folded, but in the central and 
southeastern parts the strata were only pushed aside, broken up and 
tilted or domed by the rising molten Hoods, or they were relatively little 
disturbed. The granitic magma often intimately penetrated older 
foliated rocks, producing banded gneiss (Fig. 30). 

After the disturbance of the Grenville system, and the intrusion of 
the great batholiths into it. the whole area of southeastern Canada and 
northern Xew York was subjected to very profound erosion. At the 
Ijresent time only large and small remnants of the Grenville and Hastings 
strata remain, but the deeply eroded batholiths are extensively exposed. 

Age of the Grenville System. The Grenville has not been defi¬ 
nitely correlated with any rock system or series farther west in Ontario. 
Except for the fact that the Grenville (largely metasediments) and 
Keewatin (largely metavolcanics) are different in origin, the Grenville- 
Hastings-batholith succession suggests correlation with the Keewatin- 

Timiskaming-batholith succession farther west, with the batholiths 
being Algoman in age. 

Based upon the following reasoning, a good idea of the great 



1*10. 36. .A typical exposure of slightly foliated, coarse grained, Late Archeozoic 
(.\lgoman) granite. Southern Adirondack Mountains, New York. 
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antiquity of the Grenville system may be obtained. The previously 
mentioned anorthosite invaded the Grenville, and it is, therefore, the 
younger. An age determination of this anorthosite, based upon radio¬ 
activity of certain minerals, is about i.i50.000.000 years. Now it is 
evident that deposition of the Grenville system, which is many thousands 
of feet thick, and probably also the Hastings system, began long before 
the solidification of the anorthosite. Thus the Grenville system is much 
more than 1,150,000,000 years old, is of Archeozoic age, and belongs 
among the very ancient rocks of the earth. The granite batholiths, 
which moved into place soon after the anorthosite, are, accordingly, of 
Late Archeozoic age, if we consider that era to have ended about 

1,000,000,000 years ago. 

Archeozoic Rocks Elsewhere in North America 

In the vast region of pre-Cambrian rocks surrounding Hudson Bay 
(Fig. 28), there are many occurrences of Archeozoic rocks more or less 

similar to those already described. 

Rocks quite certainly of Archeozoic age occur in various places m the 
Piedmont Plateau of the eastern United States. For example, the 
Baltimore gneiss of Maryland is a very ancient sedimentary formation, 
highly metamorphosed and rather thoroughly injected with granite. 


Fi,;. 37. Mountains of Archeozoic granite rising to Uw 66 feet ^ 

7 ,Lo feet above the foreground. Part of Teton Range in Grand Teton Nat.onal 

Park, Wyoming. (Photo by courtesy of U. S. National I ark St 
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Such a gneiss extends southwestward as a belt into western North 
Carolina. The Fordham gneiss of New York City and vicinity is 
similar. The Carolina and Roan gneisses of the southern Appalachian 
region are also very probably in this same age category. 

In many parts of the Rocky Mountains there are Archeozoic rocks, 
mainly granites, which are often associated with still older schists. 
Thus they form the outcropping cores or axes of the Laramie, Wind 
River. Big Horn. Grand Teton (Fig. 37), Sangre de Cristo, and Colorado 
Front Ranges. 



Fir.. 38. small mountain showing Archeozoic marble (white) intruded by many 
sill-like masses of dark gray, porphyritic diorite. Near Amboy in the Mohave 
Desert, southern California. 


In the depths of the Grand Canyon of Arizona, Archeozoic rocks 
are exposed for many miles. They comprise the Vishnu system of pre¬ 
dominantly highly metamorphosed strata—schists, quartzites, etc.—at 
least 25,000 feet thick, cut by numerous large and small granite dikes 
(Fig. i). A very profound unconformity separates these rocks from 
overlying Proterozoic strata. 

In central Arizona moderately metamorphosed strata are thousands 
of feet thick, with volcanic rocks in the bottom part of the pile. This 
series was folded into mountains, intruded with granite at the time of 
the so-called Mazatzal Revolution, and then deeply eroded before the 
Proterozoic (.Apache) series of sediments was deposited upon it. 



V 



n j. nu'l |> 

(»l i- 


Dftail sirw .'1 Aiiht't'/ou 
quarl/ilc. innibK-. and mica -i 1: 
cm San (iabrici Moiintaii^' in ' 


In thi" <a-r 
by moltin izranilu 
-.'i-' an<l "chi-'t'' arc 

r'ti-I n 


bundl'd. Xiihi'O^oic "n 
parallel U; ii- foliation 
1 liaiKlcd injcitinn '^ni 
fwLv in inativ p.irts (/f I"' 




82 


HISTORICAL GEOLOGY 


In various parts of southern California, Archeozoic rocks are well 
exposed. These are usually metamorphosed sedimentary and igneous 
rocks which have been cut to pieces and much injected with granite, 
often in the form of crude banded gneisses (Figs. 38, 39, 40). 

Correlation of Archeozoic Rocks 

Because of the complete absence of satisfactory methods of correla¬ 
tion, particularly the use of fossils, Archeozoic rocks in one region 
usually cannot certainly be regarded as equivalent to those in another 
region far separated from it. Thus the Grenville of eastern Canada 
cannot at present be certainly correlated with the older pre-Cambrian 
of the Lake Superior region, although considerable evidence points to 
such a correlation. 

An old pre-Cambrian rock formation or series in one region or dis¬ 
trict may be lithologically much like one in another region, but this is 
in itself not a sufficient reason for correlating the two because similar 
rocks may be formed in very different geological ages. Because of 
differences in conditions for metamorphism “ancient-looking rocks in one 
locality may be really younger than less metamorphosed rocks else¬ 
where.’^ 

It must be remembered that the Archeozoic represents a vast length 
of time. In fact the Archeozoic era may have been longer than all sub¬ 
sequent time, particularly if the Planetesimal hypothesis be accepted, be¬ 
cause, according to that view, volcanic extrusions with gradually increas¬ 
ing accumulation of sediments might well enough have taken place long 
before the earth had attained anything like its present size. Realizing 
the great thickness of rocks and long time which the Archeozoic presents, 
it scarcely seems probable that its base, or even the base of that portion 
which carries sediments, is anywhere exposed to view. Bearing these 
things in mind we also see that though in many regions rocks may be 
confidently referred to the Archeozoic assemblage, nevertheless, such 
rocks may really represent vast age differences within it. 

Life and Climate of the Archeozoic Era 

If the term “Archeozoic” is properly applied, rocks of that age 
should show the earliest evidences of life. Beds of graphite-rich schists, 
numerous scattering flakes of graphite in certain Archeozoic crystalline 
limestones and quartzites, extensive beds of limestone, and beds of iron 
ore which were derived from carbonates, altogether quite certainly imply 
the existence of life in Archeozoic time. Limestone has sometimes been 
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of chemical origin, but the presence of clearly bedded graphitic schists 
and crystalline limestones in a distinctly sedimentary system of rocks 
almost certainly shows the influence of organisms in the production of 
both the graphite and the limestone. “Since we know that algae alone 
are capable of chemically precipitating lime carbonate, the presence of 
enormous quantities of (Archeozoic) limestone in this region (south¬ 
eastern Canada), now mainly altered to marble, strengthens the evidence 

in favor of life in the Archeozoic.” 

Rankama states that a definitely recognizable fossil form, called 

“Corycium,” consists of carbon in Late Archeozoic rocks of Finland. 

The specimens are small, saclike, sausage-shaped forms which are 

believed to be remains of primitive plants, probably algae. 

Fossil forms of low-order single-celled plants (algae) have been 


reported from Archeozoic rocks in Minnesota. 

Certain hemispherical masses (called “Eozobn”), made up of in¬ 
distinct, crudely concentric layers of carbonate of lime, were found 
many years ago in the Grenville limestone. They were probably se¬ 
creted from water by primitive algae as were similar, better preserved 

masses occurring in Proterozoic limestones (Fig. 49). . 

The later Archeozoic (Seine River) crystalline limestone in the 
Rainy Lake region of southwestern Ontario has yielded crude, cone- 
shaped masses (called “Atikokania”) several inches or more in diameter 
They have both concentric and radial structures. 1 heir origin is not 
positively known, but they probably represent single-celled plant secre- 

'™With the exceptions above mentioned, almost nothing like determi¬ 
nable fossil forms have been found in Archeozoic rocks and even if such 
ever were present they must have been almost entirely obliterated by 
the intense metamorphism to which the rocks have subjec ed^ In 
the light of the evolution which took place during much better known 
geologic time, it is quite certain that the Archeozoic organisms must have 
been much simpler forms than those of the Early Paleozoic which, in 
turn, were much simpler than those of the present day _ 

^ll we can say about Archeozoic climate is that ^arv 

of the time, it was favorable for the existence of life, and for ordinary 

geologic processes such as erosion and sedimentation. 


Economic Products 

Iron ore in workable beds occurs in the Archeozoic ---bs U.e V«- 
milion district just west of Lake Superior (Fig. sO, but most of great 
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iron-ore deposits of the Lake Superior district are in Proterozoic rocks. 

The Grenville system contains valuable marble deposits, large quar¬ 
ries being operated at Gouverneur, New York. 

Algoman granite and related plutonics are quarried for building 
stones in many places. 

The plutonic rocks of the Adirondack Mountains, New York, con¬ 
tain large and valuable magnetic iron ore deposits. 

Large quantities of graphite (so-called “black lead”) have been 
obtained from graphitic schists in the Adirondack Mountains. 

Great gold deposits are mined in southeastern Canada, especially in 
the Porcupine and Kirkland Lake districts of eastern Ontario. The 
ore occurs in veins in Archeozoic rocks. These rich metal-bearing veins 
were produced from gold-rich magmatic solutions which emanated from 
batholiths of Algoman granite when they were intruded into the Ar¬ 
cheozoic rocks. 

A rich deposit of uranium ore, used in producing radioactive material, 
occurs at Big Bear Lake in northwestern Canada. It occurs in meta¬ 
sedimentary and volcanic rocks along contacts with granite. These 
rocks are pre-Paleozoic and probably Archeozoic in age. 

Foreign Archeozoic 

Judging by exposures along its borders, Greenland, mostly ice- 
covered, appears to be largely occupied by Archeozoic rocks. 

The Highlands of Scotland show one of the most clearly exposed 
areas of Archeozoic in the world, and detailed studies have shown it to 
be remarkably like that of the Lake Superior region. 

Scandinavia and Finland exhibit the largest area of Archeozoic rocks 
in Europe, and considerable study has shown the rocks to be very similar 
to those of North America. 

Archeozoic rocks are also extensively exposed in middle Siberia, 
western Australia, northeastern South America, eastern Africa, and 
other regions. 



CHAPTER X 


THE PROTEROZOIC ERA 

The Proterozoic era, represented by the Proterozoic rocks, includes 
the time between the Archeozoic era and the earliest Paleozoic (Cam¬ 
brian) period, the Cambrian comprising the oldest known rock system 
with abundant fossils. The term “Algonkian” was at first, and still often 
is, applied to the assemblage of rocks now more generally and satisfac¬ 
torily called Proterozoic. 

Unconformity Between the Archeozoic and 

Proterozoic Rocks 

As already stated, whenever observations have been made under 
favorable conditions, the summit of the Archean complex appears to be 
marked by a profound unconformity. Such an unconformity, however, 
cannot be universal because the very fact of extensive erosion of certain 
areas implies the deposition of the eroded sediments in other areas. 
Such sediments, if found, would contain the records of the time interval 
indicated by the great unconformity. So far at least, this sedimentary 
record has not been brought to light, probably either because (i) these 
sediments were deposited in ocean basins not since exposed as dry land; 
or (2) these sediments are not at present exposed to view because con¬ 
cealed under later formations; (3) these sediments have not been 
recognized as such; or (4) erosional surfaces developed in different 
regions at different times instead of at the same time. Also it is not at 
all unlikely that some or even many of these sedimentary areas may 
subsequently have become land areas so that, as a result of erosion, more 
or less of the sediments were there removed again to be deposited as 
Proterozoic or later sediments. 

General Nature and Origin of the Proterozoic Rocks 

The Proterozoic assemblage includes all the stratified rocks and their 
metamorphosed equivalents, together with associated igneous rocks, 
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which occupy a stratigraphic position between the earliest Paleozoic 
(Cambrian) and the Archeozoic. Stratified rocks greatly predominate 
over igneous rocks, and some fossil remains of both plants and animals 
occur in them. 

An important feature, especially of the later Proterozoic rocks, is 
the frequent presence of great series of non-metamorphosed strata which 
are therefore the oldest known unaltered strata of the geologic column. 
Such strata include all common types of sedimentary rocks as conglomer¬ 
ates, sandstones, shales, and limestones. Basal conglomerates, which 
were derived from the lands over which the Proterozoic seas at various 
times spread or transgressed, are frequently found at the bottoms of 
the great sedimentary series. Other great series of Proterozoic rocks of 
undoubted sedimentary origin are more or less metamorphosed to schists, 
quartzites, and crystalline limestones. The earliest Proterozoic sedi¬ 
ments were derived from exposed portions of the Archeozoic, while later 
Proterozoic sediments may have been derived either from exposed Ar¬ 
cheozoic or older Proterozoic. That the processes of sedimentation 
during the Proterozoic era were essentially the same as those of today 
is clearly proved by the very character of the sediments, the typical 
stratification to even lamination, shallow-water marks, etc. 

Associated with the great sedimentary deposits, more or less igneous 
rock occurs locally both as intrusions into the strata, and as extrusions or 
lava flows. Granite batholiths intruded the Proterozoic rocks at or near 
the close of the era. 

In addition to commonly occurring metamorphism, the Proterozoic 
rocks have, in many places, been subjected to great deformative move¬ 
ments in the earth’s crust so that the rocks have either been tilted or 
highly folded. Sometimes they have been infolded among the Ar¬ 
cheozoic rocks. 

Distribution of the Proterozoic Rocks 

In North America there are many large and small areas of Protero¬ 
zoic rocks. Special mention may be made of those in Labrador, New¬ 
foundland, Nova Scotia, Piedmont Plateau, South Dakota, Texas, 
Arizona, Nevada, southeastern California, various parts of the Rocky 
Mountains of the United States and Canada, and northwest of Hudson 
Bay. The largest single area of Proterozoic strata is the great belt 
extending from Montana through the Rocky Mountains of Canada and 
into Alaska. Most of the known outcrops of Proterozoic rocks occur 
within the ruled areas shown in Figure 48. 
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Subdivisions of the Proterozoic Rocks 

In many regions where detailed studies have been made, the Protero¬ 
zoic rocks may be subdivided into from two to four systems or series 
separated by distinct unconformities. In some places only one division 
has been recognized. At present no such subdivision into series or sys¬ 
tems has a world-wide or even continent-wide application. Generally 
each of these divisions shows a thickness of at least a few thousand feet, 
while the whole Proterozoic assemblage has a maximum thickness of 
many thousands of feet, or. according to some estimates, at least lo miles 
as in the Lake Superior district. These subdivisions or series of Pro¬ 
terozoic rocks will perhaps be best understood by briefly describing a 
few of the better known regions. 

Lake Superior-Lake Huron Region 

Huronian System. One of the best and most carefully studied 
Proterozoic districts in the world is the Lake Superior-Lake Huron region. 
Proterozoic surficial rocks are there arranged in four distinct, largely 
sedimentary divisions separated from each other by unconformities, and 
named Lower Huronian, Middle Huronian, Upper Huronian (Animik- 
ian), and Keweenawan. At some localities not all of these divisions are 
represented. The relations of the divisions to each other and to the 
Archeozoic below and Paleozoic above are brought out in Table 2. As 
indicated by the unconformities, the deposition of each division was suc¬ 
ceeded by disturbance of the strata and emergence of the region accom¬ 
panied by erosion. This in turn was followed by submergence accom¬ 
panied by deposition of the next division. Such repeated changes of 
relative level between land and water, as here recorded for Proterozoic 
time, are among the most common and important phenomena of geologic 
history. 

The Huronian rocks are principally gray and green quartzites, 
schists, slates, crystalline limestones, conglomerates, and beds of iron 
ore, all of which are more or less metamorphosed sediments (Fig. 41). 
The original strata were largely laid down under water, probably sea 
water, but continental deposits are often prominent. Some igneous 
rocks, both intrusive and extrusive, are included in the Huronian system. 
The Lower and Middle Huronian are usually much more metamorphosed 
and folded than the Upper, the latter being in some regions little de¬ 
formed or metamorphosed. Estimates show the aggregate (maximum) 
thickness of the Huronian rocks to be no less than 5 or 6 miles 



88 


HISTORICAL GEOLOGY 


In the type region, on the north side of Lake Huron, the Huronian 
system. 12,000 to 30.000 feet thick, is separated by unconformities into 
a Lower {Bruce) series, a Middle {Cobalt) series, and an Upper 
{Auimikian) series. They are all more or less metamorphosed strata 
consisting largely of quartzites, conglomerates, slates, and crystalline 
limestones. The Huronian system there rests upon profoundly eroded 
Archeozoic rocks. 



Fig. 41. Steep-dippinc metamorphosed Huronian limestone (or marble). North 
Shore of Lake Huron. (Photo by T. T. Quirke for Geological Survey of 
Canada.) 


.A formation of unusual significance is an original conglomerate or 
boulder clay, but now. a thoroughly solidified glacial deposit, at the base 
of the Middle Huronian series (Fig. 42). This deposit has been ob¬ 
served at many places within an area of thousands of square miles north 
of Lake Huron. It contains “angular and subangular boulders of all 
sizes up to cubic yards, enclosed in an unstratified matrix. These 
boulders are often miles from any possible source. Striated stones have 
been broken out of their matrix . . . , giving still stronger proofs that 
the formation is ancient boulder clay” P. Coleman). At some 
places the glaciated rock floor upon which the glacial deposit rests has 
been observed. There are also associated water-laid sediments. The 
significance of this remarkably old glacial deposit is discussed beyond. 
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Keweenawan System. Huronian time ended with considerable de¬ 
formation of Late Huronian and older rocks and emerLtence followed 
by much erosion. 

The Kcii'cenau'an, or latest Proterozoic system was laid down on 
eroded Huronian or older rocks (Fi». 33). It is characterized !>>■ 
a great preponderance of lava beds which constitute the lower portion 
of the pile, are prominent in its middle portion, and are practically absent 
from the upper portion. Some idea of the stupendous and continuous 



Fig. 42. Proterozoic (Middle Huronian) glacial till resting upon .Archeozoic 
(Koewalin) metamorphosed igneous rock, near Cobalt, Ontario. (Photo by 
A. P. Coleman.) 


volcanic activity of Keweenawan time may be gained from the fact that 
lava sheets, mostly not more than a hundred feet thick each, accumulated 
to a depth of at least 5 miles. Between some of the later lava sheets, 
thin beds of sediment were deijosited, while the upper part of the Ke¬ 
weenawan consists altogether of sediments, chielly conglomerates and 
sandstones. These sediments “have characteristic reddish, yellowish, 
and purplish colors, and exhibit various evidences that they are essen¬ 
tially continental deposits formed under semi-arid conditions.” The 
maximum thickness of these sediments is about 4 miles, and so the 
whole Keweenawan system shows a maximum thickness of fully 9 miles! 


Killarney Revolution. Toward the end of Proterozoic time, the 
Huronian rocks of the Lake Superior-Lake Huron region were variably 
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folded and intruded by batholiths of the so-called Killarney granite. 
This orogeny has been called the Killarney (or Penokean) Revolution. 
'I'he resulting Killarney Mountains extended nearly east-west for 
hundreds of miles from the southern border of Quebec province, through 
the Killarney district on the north side of Lake Huron, and into central 
Minnesota. 

Figure 33 gives a good idea of the general relations of the Huronian 
rocks and their structures to the .Archeozoic in the Huronian type region. 


Eastern Highland Region 

Rocks generally classified as of Algonkian (Proterozoic) age occur 
throughout the Piedmont Plateau of the eastern seaboard of the United 
States. They are particularly well exposed and best known from Mary¬ 
land north to the vicinity of Xew York City, where they comprise sev¬ 
eral metasedimentary series, thousands of feet thick, intruded by plutonic 
rocks varying from granite to gabbro. In ascending order the principal 
metasedimentary formations or series are quartzite, crystalline limestone 
(marble), and schist, with some intercalated beds of metamorphosed vol- 
canics, all in conformable arrangement. They rest by unconformity 
upon Archeozoic rocks (e.g. Baltimore gneiss). 



Fig. 43. An outcrop of steep-dipping wcll-beddcd Proterozoic (Cockeysville) 

marble. Near Butler, Maryland. 
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In the New York City region the relation of the Proterozoic to 
Early Paleozoic strata is not certainly known, but they rest uncon- 
formably upon the Fordhatn gneiss. In Maryland and southeastern 
Pennsylvania, the Glenarm system includes four metasedimentary for¬ 
mations as shown in Table 3. According to some geologists the Glenarm 
system is thrust-faulted some miles over Early Paleozoic strata, but 
others dispute this. In fact some of those who dispute the fault- 
contact relationship maintain that the whole Glenarm system is of 
Early Paleozoic age, but metamorphosed more than usual. Until this 
matter is settled, and because a great series of metasedimentary rocks, 
definitely Late Proterozoic in age, occurs in the southern Appalachian 
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region, the present writer tentatively considers the Glenarm series to be 
Proterozoic. 

In the southern and middle Appalachian regions, according to P. B. 
King, a great metasedimentary series, called the Ocoee and topped with 
thick volcanics, lies under definitely known Lower Cambrian strata, and 
rests unconformably upon gneisses such as the Baltimore and Carolina 
both of which are regarded as Archeozoic. The maximum thickness of 
the Ocoee is about 20,000 feet. 

The Proterozoic rocks of the Piedmont Plateau and southern Ap¬ 
palachian regions have been strongly folded, often much faulted, and 
invaded by plutonic rocks. 

Table 3 shows the kinds and relationships of the Proterozoic rocks 
in three areas of the Piedmont-Appalachian region. 

Proterozoic metamorphosed strata more or less similar to those of 
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the Piedmont Plateau occur in western New England, Nova Scotia, and 
Newfoundland, but their classification and real extent have not been very 
definitely settled. 


Rocky Mountain Region 

In this region, the largest single area of Proterozoic strata reaches 
from Montana into Alaska. These rocks are best known in Montana 
where they may be seen resting upon eroded Archeozoic rocks. From 
Montana northward for hundreds of miles, the Proterozoic strata are 
overlain unconformably by Lower Cambrian or Middle Cambrian strata. 
This unconformity may more precisely be called a disconformity because 
the Cambrian and underlying eroded Proterozoic strata usually have 
essentially parallel stratification surfaces. The rocks are mostly 
quartzites, sandstones, shales, and limestones, associated with remarkably 
little igneous material. Their thickness is usually 2 to 5 miles. Some 
of the beds contain fossils. Rather satisfactory subdivisions of the 
rocks, collectively called the Belt series, have been made. 

In Glacier National Park, Montana, slightly altered Proterozoic 
strata, fully 2 miles thick, comprises four formations—two of limestone, 
two of shale, and one intrusive sheet or sill of diorite. This pile of 
rocks, which shows a broad, gentle synclinical structure, has been thrust- 
faulted for miles over Mesozoic strata (Figs. 199, 200). 

About one hundred miles southwest of Glacier Park, Proterozoic 
strata show great thicknesses, commonly from 25,000 to 44,000 feet. 


Fio. 44. Gently dipping Proterozoic strata, thousands of feet thick in Mount Gould 
(on left) and Mount Grinnell in Glacier National Park. The dark band in the 
upper face of Mount Gould is a diorite sill. (Photo by T. W. Stanton, U. S. 
Geological Survey.) 
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Fig. 45. Steep-dipping beds of Proterozoic quartzite in Thompson Canyon, Colo¬ 
rado Front Range. 


Thicknesses almost as great are known in the Belt Mountains of Mon¬ 
tana, the type region of the Belt series. 

Farther south in the Rocky Mountains, moderately altered Protero¬ 
zoic strata commonly flank large bodies of Archeozoic rocks, as in the 
Wind River, Big Horn, and Colorado Front Ranges. These strata 
generally show steep dips (Fig. 45). In the Wasatch, Uinta, and 
Medicine Bow mountains, Proterozoic strata, moderately metamorphosed 
to quartzite, marble, and schist, attain thicknesses as great as 20,000 
feet. 
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Grand Canyon of Arizona 


Far down in the Grand Canyon of the Colorado River, there are 


excellent exposures of Proterozoic rocks 
(the Grand Canyon system) with their re¬ 
lations to the Archeozoic and the Paleozoic 
well exhibited. The Archeozoic rocks, 
comprising granites, schists, and gneisses, 
were profoundly eroded before the immedi¬ 
ately overlying Proterozoic rocks were de¬ 
posited. The Grand Canyon system con¬ 
sists of two important series. The lower 
one (Unkar), nearly 7000 feet thick, is 
mostly sandstone and shale with some sills 
and lava flows. The upper series {Chuar)^ 
separated from the lower by a slight un¬ 
conformity, is over 5000 feet thick, and it 
is made up of shales, sandstones, and lime¬ 
stones. Both series are tilted and faulted, 
and they are separated from immediately 
overlying marine Cambrian strata by a 
profound unconformity. 

The Grand Canyon system must have 
been uplifted, tilted, and faulted, with pro¬ 
duction of block mountains, and then 
eroded to a condition of low relief, before 
submergence under the Cambrian sea. 
These historical facts are plainly indicated 
in Figures i and 46. 

In central Arizona, unaltered strata, 
with some associated igneous rocks, called 
the Apache group, lie under Cambrian 
strata, and rest unconformably upon Arche¬ 
ozoic rocks. The Apache group is possibly 
the same age as the Grand Canyon system. 

California 

In the White Mountains of middle- 
eastern California, there is a series of sev¬ 
eral stratified, somewhat metamorphosed 



IJ 


11: 


6|dui9X 

«IJLUfBJg 




a|dui»i 

Jn999J0Z^- - 




*0 1. 




10 



I I 


o ^ i 


Q 


Fic. 47. Structure section across the Grand Canyon of Arizona. Granite and gneiss (or schist) are Archeozoic. 
Unkar is Proterozoic and Tonto to Kaibab are Paleozoic. (After N. H. Darton, U. S. Geological Survey.) 
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formations consisting of dolomitic limestone, quartzite, sandstone, and 
slate, several thousand feet thick. These formations are considerably 
folded, and they lie unconformably below Lower Cambrian strata. 

Southeast of Death Valley several series of unaltered Proterozoic 
strata lie right under Lower Cambrian. 

Correlation of Proterozoic Rocks 

The statements made regarding the difficulties of correlating the 
.•\rchean rocks apply almost equally well here. Because Proterozoic 
rocks are more largely and distinctly sedimentary, and usually not so 
severely metamorphosed; usually separated into series by well-defined 
unconformities; and have fossils gradually coming to light in certain 
of the uppermost series, they afford a little more satisfactory basis for 
applying ordinary stratigraphic methods of correlation than do the 
.Archeozoic rocks. Certain similarities, such as exist between the Lake 
Superior and Grand Canyon Proterozoic series, are highly suggestive 
of correlation, though far from actually demonstrable at present. Litho¬ 
logic and structural similarities alone are not safe methods of correlation. 
Future studies, however, are quite likely to yield satisfactory results in 
some cases at least. 

Not only the general lack of fossils, but also the vast length of time 
of the Proterozoic era, are great difficulties in the way of correlation. 
Considering the time necessary for the deposition of the tremendous 
thickness of Proterozoic rocks, and the several long unrecorded time 
intervals, it seems reasonable to believe that the Proterozoic era was 
longer even than the Paleozoic. Hence two similar series of Proterozoic 
rocks resting directly upon the eroded surface of the Archeozoic in widely 
separated regions may in reality be far different in age because the 
Archeozoic in one region may have remained unsubmerged very much 
longer than in the other. Or again, a Proterozoic series of one district 
may actually have been deposited during a time represented by an un¬ 
conformity in another district. 

Proterozoic Seaways 

In the light of our present knowledge any attempt to make a 
paleographic map of North America, representing sea and land relations 
during particular parts of Proterozoic time, would be unsatisfactory. 
There are at least two reasons for this: first, because good correlations of 
formations in widely separated regions cannot be made as explained 
under the preceding caption; and, second, because Proterozoic strata are 
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so widely concealed under other formations. Enough is known, however, 
to make a fair attempt at showing the principal water-covered areas, 
probably seas, during Late Proterozoic time. Perhaps it would be 
better to state that these areas were water-covered, but not all parts of 



Fig. 48. Map of North America showing known areas of sedimentation during 
Late Proterozoic time. All, or nearly all, of these areas may or may not have 
been water-covered at any given time, present-day data being insufficient to 
tell. The seas were probably, for most part, shallow as for example the Belt 
Series Sea in the west. Probably other areas were water-covered in Late Prot¬ 
erozoic time, but here also more facts are needed for an answer. 

them at any given short time during the Late Proterozoic. With these 
restrictions in mind, Figure 48 has been prepared. It is interesting 
to note that the Rocky Mountain geosynclinal basin, so persistent 
through Paleozoic and most of Mesozoic times, already seemed to be well 
established, and that very thick sediments were deposited in it. 


98 


HISTORICAL GEOLOGY 


Close of the Proterozoic 

The Proterozoic era seems to have closed with North America all 
land, wider than at the present time, but not nearly as high on the 
average. 

Mention has already been made of the Killarney Revolution when 
Late Proterozoic and older strata were folded, uplifted, and invaded by 
granite with resultant development of a mountain range extending from 
southern Quebec to central Minnesota. Only the roots of this range now 
remain. 

It is quite certain that there were Late Proterozoic orogenies and 
uplifts of strata elsewhere, as in the Grand Canyon region of Arizona; 
the eastern part of the Hudson Bay region (Belcher Mountains); and 
in Labrador (Labrador Mountains). Granite intrusions accompanied 
the two last named orogenies. 

Proterozoic Life 

Some more or less determinable fossils have been found in Protero¬ 
zoic strata, particularly in Montana and in the Grand Canyon of Arizona. 
They include algae, worm tracks, a jellyfish impression, and very doubt- 



Fig. 49. Concentric limy remains of a group of Proterozoic algae from a reef in 
Glacier National Park, Montana. (Photo by Carroll L. Fenton.) 
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ful fragments of primitive arthropods. Most animals of the time were 
probably without shells or other hard parts, and hence they were not so 
favorable for fossilization. 

In 1935 an imprint of what was very probably a jellyfish was found 
in the Unkar division of the Grand Canyon system (Fig. 50). The 
Unkar is much older than the Lower Cambrian in the Grand Canyon. 



Fig. so. An impression of what is, very probably, a so-called jellyfish, Brooksella, 
from Proterozoic strata in the Grand Canyon of Arizona. If so, it is one of the 
oldest known fossil animals and represents the low-order hydrozoans. See also 
Figure 119. (Photo by R. S. Bassler, U. S. National Museum.) 


A number of species of limy algae have been described from the 
Belt series of Montana (Fig. 49). These algae were very simple, 
single-celled plants (thallophytes) which lived in water. They were 
hemispherical or cylindrical bodies which secreted crudely concentric 
layers of carbonate of lime from one to fifteen inches in diameter. They 
occur in distinct beds or reefs through hundreds or even thousands of 
feet of Proterozoic limestones. Excellent specimens occur in the upper 
limestone formation in Glacier National Park. Similar fossils have 
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also been found in the Grand Canyon system in Arizona, and in the 
Medicine Bow Mountains in Wyoming. 

Carbonaceous material, including graphite, so often disseminated 
through Proterozoic shales and shists, almost certainly indicate the 
presence of life. Likewise beds of limestone and bedded iron ores, so 
abundant in parts of the Proterozoic, are rarely ever known to have 
formed except through the agency of organisms. 

A striking feature of Proterozoic time was barrenness of the lands 
because of complete, or nearly complete, absence of land plants. 

Proterozoic Climate 

Since the great masses of Proterozoic sediments are of quite the usual 
sort like those formed in later eras, and since life surely existed, we can 
be certain that the climate of the time was favorable for the operations of 
ordinary geologic processes and hence not fundamentally different from 
that of comparatively recent geologic time. 

The widespread occurrence of a glacial deposit at the base of the 
Middle Huronian series in Ontario has been described. This deposit 
quite certainly shows that an ice sheet covered many thousands of square 
miles of the area between Lake Huron and Hudson Bay (Fig. 42). It is 
the earliest known record of glaciation. This proof of a climatic condi¬ 
tion favorable for glaciation so far back in the earth’s history is indeed 
significant. It shows that the temperature and atmospheric conditions 
of the earth about three quarters of a billion years ago was not funda¬ 
mentally different from that of the present period of geological time. 

What is believed to be glacial till of Proterozoic age has also been 
described from South Africa, 

Very distinct evidences of glaciation in Late Porterozoic time are 
known from various parts of the world, particularly in China, India, 
Norway, Greenland, Australia, and western North America. A few 
occurrences will be described briefly. 

At the bottom of the thick section of Cambrian strata in China “on 
the Yangtse River, 31® Lat., i.e. as far south as New Orleans, not high 
above sea level, a large body of glacial material (170 feet thick) was 
discovered. ... It demonstrates the existence of glacial conditions in 
a very low latitude in the Early Paleozoic” (B. Willis). 

At Lat. 70® N. in Norway, glacial deposits containing clearly stri¬ 
ated pebbles have been found resting upon a distinctly smoothed and 
striated surface of hard rock. 
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In southern Australia glacial beds of similar age and considerable 
thickness are distinctly folded along with the enclosing strata. 

Somewhat metamorphosed glacial deposits (tillites), with thick¬ 
nesses as great as several hundred feet, are interbedded with Late 
Proterozoic strata in various parts of northern Utah. 



Fig. 51. Map showing locations of the great iron-ore districts of the Lake Superior 
region. All are Proterozoic excepting the \'ermilion which is Archeozoic. 


It seems reasonable to associate the glacial conditions with the e.x- 
tensive uplifts and mountain-making in so many parts of the world when 
the higher general altitudes of the lands caused temperatures lower than 
normal in the various regions. 

Economic Products 

The greatest iron mining region in the world is the Lake Superior 
district in Minnesota, Michigan, and Wisconsin. Some of these iron 
ores are in the Archeozoic, and some in the older Huronian rocks, but 
the principal deposits are in the Middle and Upper Huronian. These 
iron ores occur as thick beds in the sedimentary series. Often the iron 
ore deposits have been enriched by the work of underground waters. 
The Lake Superior district produces many millions of tons of iron ore 
yearly, or far more than the production of any foreign country. 
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The greatest deposits of native copper in the world are in the 
Keweenawan system on Keweenaw Point, ^lichigan. Copper has been 
found in small quantities in the lava beds, and underground waters have 
dissolved out this copper and deposited it in more concentrated form 
in fissures and openings of the rock, and also in porous conglomerates. 
Immense quantities of native copper have been mined here during the 
past sixty years. 

The world’s greatest nickel deposits occur in the Sudbury, Ontario, 
district where the ore is directly associated with an intrusive body of 
Late Proterozoic gabbro. 

Silver is known from various parts of southeastern Canada, the Co¬ 
balt, Ontario, district being of particular importance. The silver ores 
are associated with, and probably derived from, Late Proterozoic gabbro 
intrusives. 

Marble of Proterozoic age, as for example the Cockeysville marble 
north of Baltimore, is rather extensively quarried in the Piedmont Pla¬ 
teau region. 

The black slate of the Peach Bottom district, Pennsylvania, is prob¬ 
ably of Late Proterozoic age. 

Foreign Proterozoic 

« 

Proterozoic rocks are thought to exist in all continents. In the 
Highlands of Scotland, the Torridon sandstones and shales, about 10,000 
feet thick, are quite certainly of Proterozoic age, since they lie uncon- 
formably between the Archeozoic complex below and well-defined Cam¬ 
brian above. 

The large pre-Cambrian rock area in Scandinavia, which in many 
respects is similar to that of Scotland, also contains considerable bodies 
of sediments (at least 10,000 feet thick) of Proterozoic age. As in the 
Lake Superior region, iron ore occurs in some of the Swedish Proterozoic. 

In Finland, France, Germany, Spain, and probably in India and 
Brazil, Proterozoic rocks are known. 

It should be noted that in several of the foreign countries there 
appears to be a division of the Proterozoic group into at least two 
systems or series separated by unconformities. 
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THE CAMBRIAN PERIOD 

Introduction 

The Cambrian represents the earliest period of the great Paleozoic 
era, and the rocks which make up the Cambrian system include the old¬ 
est known of the normal fossiliferous strata. Since these strata are the 
oldest which carry abundant organic remains, it follows that they are 
the earliest formed rocks to which the ordinary methods of subdividing 
and correlating rock masses can be applied. From the Cambrian on, 
the legible records of events of earth history are far more abundant and 
less defaced than those of pre-Cambrian time. From now on we shall 
be able to trace the changing outlines of the relief features of the conti¬ 
nent and the evolution of organisms with some degree of definiteness 
and satisfaction, though a vast amount of work yet remains to be done 
both as regards discovery of new records and the interpretation of 

records old and new. 

The oldest Paleozoic rocks were first carefully studied independ¬ 
ently in the British Isles by the two able geologists, Sedgwick and 
Murchison, before the middle of the nineteenth century. Murchison 
applied the name “Silurian” to the great series of oldest fossiliferous 
strata and divided them into Lower and Upper Silurian. Sedgwick, 
however, considered that the very oldest fossil-bearing rocks should be 
separately designated, hence his application of the term “Cambrian,” 
from Cambria, an old Latin name for a part of Wales. The Cambrian 
is now recognized the world over as the oldest Paleozoic system. 

General Distribution of the Rocks * 

On the accompanying map (Fig. 52) the surface distribution of 
Cambrian, Ordovician, and Silurian strata is shown, that is, the locations 
of the areas in which such strata are known to outcrop. The principal 
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brian, Ordovician, and Silurian strata in North America. Other areas probably 
occur in widespread, but as yet undifferentiated, Paleozoic strata in British 
Columbia, Yukon, and Alaska. All three systems are not everywhere repre¬ 
sented in these areas. 

areas of Cambrian are in New England, southeastern Canada, New York, 
the Appalachian region, south of Lake Superior, southeastern Missouri, 
Okahoma, central Texas, Nevada, eastern California, and through the 
Rocky Mountain region.^ Because Cambrian rocks have so often been 
removed by erosion, or have been so largely covered by later sediments, or 
highly folded so that outcropping edges only are now exposed, the surface 
distribution as indicated on a map fails to give any adequate idea of the 
former or even present real extent of strata of this age. Thus Cambrian 

* Readers who are not very familiar with the geography and physiography of 
the United States should, whenever necessary, refer to the map near the end of 
Chapter VIII. Good atlas maps of North America and of the United States should 
also be at hand. 
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strata are definitely known to have been almost completely removed from 
several thousand square miles of the northern New York region, and 
Cambrian rocks have certainly been similarly removed from any other 
regions. Again, the distribution of the outcrops, together with many 
deep well records, make it certain that Cambrian strata concealed under 
nearly horizontal later strata spread across much of the Mississippi Basin 
from the Rockies to the Appalachians, while, in the .Appalachian region, 
Cambrian rocks are really much more extensive than the mere outcrop¬ 
ping edges of the upturned strata (Fig. S 3 )- There is no reason, how¬ 
ever, to think that the vast area of pre-Cambrian rocks around Hudson 
Bay’(Canadian Shield), the Atlantic Coast from New Jersey southward 
the Pacific Coast region from northern California northward through 
Alaska, and most of Mexico, were ever covered by Cambrian rocks. 

The difference in the distribution of the Lower and Upper Cambrian 
strata is important. Thus the Lower Cambrian is absent from the Inte- 



FlG sr Structure section showing the folded Cambrian (C), Ordovician (O), 
SUurian (S), and Devonian (D) systems in the .Appalachian Mountains of part 
of West Virginia. Length of section, i8 miles. (.After Darton, U. S. Geological 

Survey.) 


rior Lowland and Great Plains regions. Otherwise the same general 
areas are occupied by both Lower and Upper Cambrian strata. 

Representative Divisions of the Cambrian System 

Table 4 shows the major divisions and formation subdivisions in four 

well-known parts of North America. 

In the typical regions the formations usually lie one above the other 

in regular usually conformable order, but careful study has shown that, 
passing upward in the system of strata, there is a gradual change in 
the fossils particularly in the case of the trilobites which are so com¬ 
mon and widespread in the rocks. Thus the Lower Cambrian strata 
are generally characterized by the trilobite genus Olenellus, with its 
various species, and this characteristic assemblage of trilobites is called 
the Olenellus fauna. This does not mean that Olenellus invariably 
occurs in Lower Cambrian strata, or that other genera of trilobites and 
other fossils may not be present. In a similar way the Paradoxides and 
the Dikellocephalus faunas are the chief characteristics of the Middle 
and Upper Cambrian respectively. Such stages or life zones in the 
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TABLE 4I 


geologic column are commonly referred to as horizons. It should be 
made clear that the genus Olenellus became extinct before the Middle 
Cambrian strata was deposited; the Paradoxides disappeared before the 
Upper Cambrian were deposited; and the Dikellocephalus before the 
deposition of the succeeding Ordovician strata, though it is not meant 
that sharp lines separate these faunas. Thus each of the faunas becomes 
an important geologic time or horizon marker. A representative of each 
of these genera of trilobites is shown in Figure 144. 

These principles, here laid down as a basis for the subdivision of the 
Cambrian system, apply equally well to the succeeding rock systems, 
though many organisms other than trilobites are used for the purpose. 

^ In thb and succeeding correlation tables, abbreviations have the following 
meanings: shale (sh.); sandstone (ss.) ; conglomerate (eg.); limestone (Is.); dolo- 
mitic limestone (dol.) ; quartzite (qtz.) ; formation (fm.), where one kind of rock is 
not distinctly predominant; and a group of formations (gr.). Long dashes indi¬ 
cate the more important gaps in the stratigraphic record. Most of the formations 
listed are marine strata, but some are non-marine, and a few are volcanic. Some of 
the formations are variably metamorphosed. 












THE CAMBRIAN PERIOD 


107 


Description of the Rocks 

Cambrian rocks consist very largely of shallow water sediments such 
as conglomerates, sandstones (Fig. 55). and shales, with well-preserved 
ripple marks very common. Deeper or clearer water deposits such as 
limestone, are, however, important in the Appalachians, \ermont. Ne¬ 
vada, the Rocky Mountain region, and British Columbia. W hen these 



Fic Cd UDoer Cambrian (Potsdam) sandstone in the Ausable Chasm of north 
ea^^rn New York (Courtesy of the Ausable Chasm Compan>.) 
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sediments were deposited in the Cambrian sea they were like ordinary 
gravels, sands, marls, and limy oozes now forming in the ocean, especially 
over the continental shelf areas and their borders. Since their deposition 
they have been changed into the corresponding harder rocks such as con¬ 
glomerates. sandstone, shales, and limestones, or. in some cases as in New 
England and in the southern .\ppalachians, metamorphosed into quartz¬ 
ites. schists or slates, and marbles. 



Fig. 55. Lower Cambrian strata at Deep Spring Valley, California. 


In many regions the Cambrian strata have been highly folded and 
faulted, particularly in the Appalachian region, Xew England, the Rocky 
Mountains, Utah. Nevada, and southeastern California. 

North American Cambrian contains relatively little igneous material, 
and it thus presents a remarkable contrast with the Proterozoic and Ar¬ 
cheozoic systems in most regions. 

The following statements will give a fair idea of the subdivisions, 
character, and thickness of the Cambrian system in widely separated 
parts of the L'nited States. In eastern California (Inyo Mountains) 
the C^ambrian is well represented, consisting of Lower Cambrian sand¬ 
stone. shale, and limestone 10.000 feet thick overlain bv 1000 feet of 
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Middle Cambrian sandstone and limestone, and this in turn by about 
looo feet of Upper Cambrian limestone and shale, making a total thick¬ 
ness of 12,000 feet for the system. A thickness of 17,000 feet occurs in 
the Rocky Mountains of southern Canada where a practically unbroken 
succession of Cambrian marine strata, divided into various formations 
(Table 4), are wonderfully exposed. This region was made famous 
many years ago by Walcott who unearthed and described a remarkable 
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<;6 Nearly vertical beds of Cambrian quartzite in lower Oeden Canyon 
A^a?atch Mountains. Utah. (Photo by courtesy of Oeden Chamber of Com 
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merce.) 
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assemblage of well-preserved fossils, especially trilobites, representing 
the whole Cambrian system from bottom to top. 

In Utah a thickness of 9000 feet of Cambrian is known, the nearly 
complete system being there e.xposed. 

In the southern Appalachian region Lower Cambrian sandstone and 
conglomerate reach a thickness of several thousand feet; Middle Cam¬ 
brian limestone and shale. 3000 feet; and Upper Cambrian limestone and 
sandstone, 5000 feet. X’olcanic rocks are there interbedded with the 
Low'er Cambrian strata. 



Fig. 57. A remarkable geologic locality where thousands of feet in thickness of 
tilted Paleozoic strata (on right), including Early Cambrian, rest unconformably 
upon Archeozoic rocks (gray hills acro.'is middle ground), and both great rock 
masses arc cut or intruded by light gray, granitic rock of Late Mesozoic age 
(middle left). Bristol Mountains near .Amboy, California. 

A nearly complete sedimentary record, represented by various for¬ 
mations (Table 4). is also shown in the middle Appalachian region. 

Upper Cambrian strata occur widely in the upper Mississippi Basin. 
These are largely sandstones and shales and generally less than 1500 
feet thick. They have been much studied and subdivided (Table 4). 
Lower and Middle Cambrian strata are entirely missing from this region. 

Physical History 

Relationship of Cambrian Rocks. We have already learned 
that a profound and generally widespread unconformity separates 
the Archeozoic and Proterozoic rocks in North America. Another 
unconformity commonly marks the bottom of the Cambrian system. In 
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other words Cambrian strata usually rest upon the eroded surfaces of 
either the Archeozoic or the Proterozoic, fine examples being in the 
Grand Canyon of Arizona (Fig. i), southeastern California (Fig. 58), 
northern New York, and Wisconsin. The surfaces of the older rocks 
were much worn down or even peneplaned before deposition of the Cam¬ 
brian in the regions mentioned. Such widespread occurrences lead to 
the conclusion that most of North America must have been land under¬ 
going erosion just before and during Early Cambrmn time. The grea 
duration of the widespread erosional interval which produced such a 
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_ , • f rvart nf nrececline Ficure 57 showinK the stecp-ciipping 

Fig. 58. Detail view of part of resting by unconformity (U) 

Paleozoic strata (P), including Farly Cambrian, resiing y 

upon the pre-Cambrian Archeozoic rocks (ic). 

profound unconformity, not only in North America, but i" "l^r conU- 
nents as well, is one of the greatest physical events of its ^ 

beginning of the Paleozoic era. However, it shou d 
stood that there is no universal unconformity marking he base of the 
Cambrian. Thus, in various areas (e.g., southern Appalachians, L ah 
and Alberta) strata thousands of feet thick, and practically devo^ of 
fossils, are known to grade upward into fossihferous Lower Cambrian 

Strata. 

Early and Middle Cambrian. During Early Cambrian time there 
was partial submergence of North America represented by three arms of 
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the sea. one in the east and two in the west as shown on the accompany¬ 
ing map (Fig. 6o). These occupied much of the Appalachian and Cor- 
dilleran geosynclines, respectively, which were more or less persistent 
during most of Paleozoic time. These geosynclinal troughs were, at 
least in part, established in Late Proterozoic time. The Cordilleran 
seas encroached from both north and south, but the waters did not join 
across the Idaho region. This is known because Lower Cambrian strata 
are missing from the Idaho area where Aliddle Cambrian strata rest un- 
conformably upon Proterozoic strata. Rise of sea level was more than 
likely an important factor in causing submergence because the develop- 



Fic. 59. Gently tilted Cambrian marine strata about one mile thick in Mt. Stephen, 
Canadian Rocky Mountains. (Courtesy of the Canadian Geological Survey.) 


ment of the e.xtensive peneplain surface above mentioned implies that the 
continent must have remained almost unaffected by diastrophic move¬ 
ments for a long time, and the tremendous volume of material removed 
and dumped into the sea must have very appreciably raised its level. 

\Cherever Lower Cambrian marine strata (actually exposed or con¬ 
cealed) rest directly upon pre-Cambrian rocks we can be sure that such 
areas were submerged under the Early Cambrian sea, because Lower 
Cambrian strata could have formed only during that time. To these 
areas must be added still others from which once present Lower Cam¬ 
brian rocks hav'e been removed by erosion. Again, many large areas 
were almost certainly dry land during Early Cambrian time because 
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there is not the slightest evidence of any sort that deposition went on 
over those areas during that time. The principles here set forth are 
of fundamental importance in constructing a paleogeographic map of 
North America for Early Cambrian time, and the same principles must 
be kept in mind in considering the paleogeographj^ of any given region 
during any succeeding time. 



Fig. 6 o. Generalized paleogeopraphic map showing sea and land areas m North 
America during Early Cambrian lime. White areas, land; ruled areas, sea. 


dotted area, sca(?). 

There was some volcanic activity in the southern Appalachian region 
during Early Cambrian time as proved by volcanic rocks interbedded 

with Tower Cambrian strata there. 

In Midde Cambrian time the eastern geosyndinal sea became sep¬ 
arated into two arms—northern and southern across the eastern New 
York area. The western arms of the sea became larger and joined across 
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the Idaho region so that marine waters spread from one end of the Cor- 
dilleran geosyncline to the other. 

Late Cambrian. During Late Cambrian time more and more of 
the continent gradually became submerged until the geographic condi- 



Fic. 6x. Generalized paleoseographic map showing sea and land areas in North 
America during Late Cambrian time. This was the greatest Cambrian sea. 
White areas, land; ruled areas, sea; dotted area, sea (?). 


tions were much as depicted upon the next paleogeographic map (Fig. 
6i). The sea transgressed over the great interior land to about the 
northern border of the United States, forming a vast interior sea. Fully 
one-third of the continent was flooded. In a general way we may say 
that shallow-sea water spread eastward from the Cordilleran geosyncline 
to meet similar waters which transgressed westward from the Appalach- 
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ian geosyncline. As shown on the accompanying map (Fig. 6i), there 
were six large land areas—Appalachia, Antiilia, Canadia, Cascadia, 
Siouxia, and Mexicoia.^ These six land areas, with somewhat changing 
borders, were remarkably persistent during the repeated Paleozoic hood¬ 
ing of the continent. 

The transgression of this great interior sea over the land is clearly 
established by the fact that studies of actual outcrops and deep well sec¬ 
tions show successively younger and younger Upper Cambrian sediments 
deposited by overlap upon the pre-Cambrian rock surface. W e also 
know that this interior sea was shallow because of the nature of the sedi¬ 
ments which are very largely clastic such as sandstones and shales, often 
ripple marked, and with conglomerates at the base. Some heavy lime 
stone beds like those in eastern New York, and between Virginia and 
Missouri, tell of clearer, possibly deeper, water in such places. 

Most of Appalachia must have stood high during Cambrian time as 
indicated by the nature and thickness of the sediments carried from it 
into the adjacent Appalachian geosyncline. 

Close o£ the Cambrian. Throughout Cambrian time, and even 
at its close. North America was not affected by any really great physical 
disturbances such as mountain-making or igneous activity. 

According to Schuchert the Cambrian period closed with “a very 
wide and probably complete retreat of the epeiric (continental) seas 
from the interior parts of North America, leaving the continent all or 
nearly all dry land.” Millions of years of erosion during Cambrian time, 
when the continent was remarkably stable, reduced the land areas to low 
levels with little relief. Gentle emergence at the close of the period 
brought the widespread Late Cambrian strata but little above sea level. 
Thus the whole continent was a low, remarkably flat land area at the 
close of the Cambrian. Erosion was, therefore, very slow and but little 
of the Cambrian material was removed before being covered extensively 

by the Early Ordovician sea (Fig. 66). 


Climate 

We have already learned that contparatively high lands, with ac¬ 
companying glaciation, marked the closing stages of the Proterozoic era 
in many parts of the world. Very early in the Cambrian period, how- 


’ The term "Mexicoia” has been proposed by the author as a 
persistent Paleozoic land mass in the Mexican area. 


designation for the 
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ever, the lands were generally lower, and glacial conditions no longer 
existed. 

The character and widespread distribution of many of the organisms 
of the time (especially those which secreted lime from sea water) 
throughout low and high latitudes, and also the conditions favorable for 
ordinary processes of weathering, erosion, and deposition of sediments, 
indicate that the climate of Cambrian time was not essentially different 
from that of comparatively recent geological time, but that climatic con¬ 
ditions were then much more uniform over the earth than now. Consid¬ 
erable limestone formations of Cambrian age at high latitudes indicate 
strongly that they were there deposited in relatively warm or temperate 
waters. 


Cambrian Life 

In view of the fact that the life of the Cambrian period is discussed 
at some length in Chapter XVIII, only a few items of general interest 
will here be mentioned. 

The Cambrian is the oldest system of rocks containing an abundance 
of clearly preserved fossils. The plant record is poor, but very low-order 
forms, such as algae, are well known. It is doubtful if even the most 
primitive land plants existed. Animal life, however, is recorded by hun¬ 
dreds of fossil species representing all important major divisions of the 
invertebrates. Special mention may be made of coelenterates (e.g., 
graptolites and jellyfishes), brachiopods, mollusks (e.g., pelecypods and 
cephalopods), and crustaceans (e.g., trilobites). 

As far as known, no vertebrate animal, not even the most primitive 
kind, had yet made its appearance in the world. In other words, fishes, 
amphibians, reptiles, birds, and mammals all were yet to be evolved. 

Economic Products 

Economic products of Cambrian age are relatively much less im¬ 
portant than those of various other systems imNorth America. 

Cambrian sandstone outcropping extensively in southern Wisconsin 
and through the Appalachian region is used as building stone and for 
other purposes. 

Roofing and other slates of Cambrian age are quarried in the meta- 
morphic rocks of the eastern United States, especially in eastern New 
York, southwestern Vermont, and Maine. 

Important lead deposits occur in the Cambrian limestone of south' 
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eastern Missouri, but the deposits themselves are younger than Cam- 
brian. 

European Cambrian 

Like that of North America, the Cambrian rocks of Europe generally 
rest upon the profoundly eroded surface of either Proterozoic or Archean 
rocks. The physical geography of the continent, however differed con¬ 
siderably because the distribution of the rocks shows that the Eady 
Cambrian sea was almost wholly limited to northern Europe, wh.le the 
Middle Cambrian sea transgressed farthest over much of Ftance Ger- 
many, Bohemia, Spain, and Sardinia, and in the 

spread widely over Europe, as shown by the distribution of Late Cam- 

brian marine strata. ^ ^ 

In Walds and Britanny the Cambrian strata appear to have a rna^ 

mum thickness variously estimated at from 12,000 to 20,000 7. ^ 
in southern Sweden the whole Cambrian is only about 400 
Like those of North America, the rocks are mainly clastic sediment 
of shallow water origin such as conglomerates, sandstones, ^dfiales^ 
Much volcanic material occurs in the Cambrian system m • 

western Europe, for example in Wales ^‘"d southern Scand n^ia the 

Cambrian strata are thoroughly indurated and usually 

in eastern and central Europe, for example in Ru^ia most of ‘he t.ata 

are practically horizontal, and almost unconso idated 

clay have been found. Unconsolidated beds of such great age are truly 

remarkable, an important exception being in ^ 

Excepting parts of western Europe, the Cambrian period closed in 

that consent, as in North America, without 
turbances. In Wales the Cambrian strata 

considerably eroded before Ordovician strata were laid down upon them. 



CHAPTER XII 


THE ORDOVICIAN PERIOD 

Introduction 

In the preceding chapter we learned how the basal portion of Mur¬ 
chison’s great Silurian system came to be called the Cambrian. In 1879 
Lapworth proposed to divide the remaining Silurian system into two 
parts, the lower portion to be called Ordovician, and the upper to retain 
the name Silurian. The term Ordovician was taken from an old tribe 
(Ordovici) which once inhabited Wales. When it is realized that one 
of the most profound stratigraphic breaks (unconformities) in the whole 
Paleozoic group lies within Murchison’s old Silurian system, and be¬ 
tween what are now called the Ordovician and Silurian systems, the jus¬ 
tification of Lapworth’s proposal is evident. The Ordovician system 
is now generally recognized. The following tabular arrangement will 
serve to make clear the history of these terms: 



Murchison, 1835 

Sedgwick 

Lapworth. 1879 

Silurian System. 

1 Upper Silurian 

1 Lower Silurian 

Upper Silurian 
( Lower Siluhon 
\ Combrion 

Silurian 

Ordovician 

Cambrian 


Because the North American Ordovician was first carefully studied in 
New York state, the section there has become, to a very considerable 
degree, the standard to which the subdivisions in other parts of the con¬ 
tinent are referred. 

General Distribution of the Rocks 

Most of the regions indicated in black in Figure 52 contain large or 
small areas of outcrops of Ordovician strata, thus showing the remark¬ 
ably widespread surface distribution of strata of this age. It is also a 
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significant fact that most of the widely distributed Ordovician strata by 

far were laid down under sea water. 

The surface distribution of Cambrian and Ordovician strata is much 
the same except for the presence of considerable areas of Ordovician also 
in the eastern Arctic Islands, and both northeast and southwest of Hud¬ 
son Bay, the two last named lying in the midst of the Canadian Shield. 

As in the case of the Cambrian, so the surface distribution of the 
Ordovician rocks as indicated on this map gives no adequate idea of the 
former or present real extent of strata of this age, since strata have either 
been removed from so many districts by erosion or are concealed under 
later formations, or are highly folded so that outcropping edges only are 
at present visible in comparatively narrow belts following the strike of 

the folds. 

Some regions can quite certainly be shown to have been formerly 
covered by Ordovician strata, as, for instance, nearly all of the Adiron¬ 
dack Mountain region of pre-Cambrian rocks, and a wide area between 
the Great Lakes and Hudson Bay. Also the distribution of the out¬ 
crops, together with numerous deep-well sections or records, conclusively 
prove that much of the Mississippi Basin contains concealed Ordovician 

rocks. 

Rkpresentative Divisions of the Ordovician System 

Table s shows the principal divisions of the Ordovician system, with 
formation subdivisions in four well-known regions, as they are recognized 

in North America. 

The reader should not infer that the formation names listed in Table 
5 are the only ones now used in North America. Many other, more or 
less local names have been applied to formations found elsewhere, espe¬ 
cially to those which have not been correlated with those of New York. 
It is generally agreed, on the basis of priority, that when two widely 
separated formations become correlated, the name given the formation 
where first studied should apply to both. Also, as previously mentioned, 
the kind of rock (lithologic character) making up a formation in one 
area may or may not be the same in other areas. For example, a sand¬ 
stone or shale in eastern New York may be represented by a shale or 
limestone of the same age in central New York or elsewhere (Fig. 70). 

In New York, the .Appalachian region, and elsewhere the Ordovician 
strata, especially those of the Trenton group, are wonderfully rich in or¬ 
ganic remains, and much attention has been given to description of the 
fossils and correlation of the strata. 
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Description of the Rocks 

Viewed in a broad way, the Ordovician rocks (especially the Lower 
and Middle) are of different nature from those of the Cambrian. Clastic 
sediments, such as conglomerates, sandstones, and shales, are the domi¬ 
nant Cambrian sediments, while, throughout the Lower and Middle Or¬ 
dovician, limestones greatly predominate (Fig. 62). 

As will be explained, North America, as well as other parts of the 
northern hemisphere, was largely submerged under shallow seas during 
much of Ordovician time. The nature and distribution of the fossils in 
these rocks show that the temperature of these seas was mild and remark¬ 
ably uniform, probably because ocean currents then had much freer 
play than they do today thus tending to keep the temperatures of north¬ 
ern and southern latitude seas more uniform. Because the lands were 
generally small and low, comparatively little land-derived sediment was 
carried into the seas during Early and Middle Ordovician times. The 


















THE ORDOVICIAN PERIOD 


121 


System 


d 

eA 

•c 

GQ 


a 

09 

• M 
> 
c 


3 

•c 


u 


Kind of Rock 


shaly 

sandstone 


sandstone 


sliale 


sandstone 


shale 


limestone 


dolomitic 

limestone 


shale 


limestone 


sli^e 


limestone 


Section 















Thickness 
in feet 


700+ 


350 

to 

900 


1300 

to 

1800 


2-200 


1000+ 


450 

to 

950 


3000 

to 

3500 


500 

to 

750 


700 

to 

950 


200 


400+ 


Fig. 62. Geologic (columnar) section in eastern Tennessee, showing the predominance of limestone in the Lower and Middle Or¬ 
dovician, and of shale and sandstone in the Upper Ordovician, (.\fter Keith, U. S. Geological Survey, Folio ii8). 
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Ordovician seas were, therefore, remarkably favorable for the growth of 
countless myriads of lime-secreting organisms with resultant very wide¬ 
spread accumulation of limestone formations. 

Of the Lower Ordovician formations in eastern North America, the 
Beckmantou'n is one of the most widespread. It is extensively devel¬ 
oped in New York and in the Api)alachian region. It is usually a dolo- 
mitic limestone. Lower Ordovician limestone also occurs extensively in 
the mountains of Oklahoma, the Interior Lowland, and mountains of the 
western I'nited States. 



Kic., 6 v The Trenton (mid Ordox ician) limestone at its type localitx’. Trenton Fall-. 

New York (Photo by F B. Guth, I’tica, N ) 


Mid-Ordovician is generally regarded as having been one of the 
greatest limestone-making times in the earth's history, though it should 
not be inferred that limestones were then univer.«ally made in the seas, 
because those areas of deposition close to. or receiving wash from, the 
lands show clastic sediments. Middle Ordovician, especially Trenton, 
limestones are remarkably widesp^read in eastern North .-\merica. The 
generally recognized subdivisions of the Middle Ordovician in the classic 
New York region are the Chazy, Black River, and Trenton groups, and 
these are further subdivided into formations as shown in Table 5 . 

In the Upper Ordovician of the Appalachian region, shales and sand¬ 
stones greatly predominate because of rejuvenation and more active ero- 
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Sion of the adjacent land on the east. Some of the principal formations 
in this category (Table 5) are the Lorraine and Martinsburg shales, and 
the Oswego, Queenston, and Juniata sandstones. 

The Middle and Upper Ordovician formations are very fossiliferous 
and especially well known in the Ohio Valley (Table 5) and in northern 

New York. 

In the western part of the continent, the Ordovician system, includ¬ 
ing much limestone, outcrops in various parts of the Rocky Mountains, 
the Basin and Range Province, and eastern California. The rocks are a 



Fio. 64. An exposure of stroncly tiUctl Trenton limestone in the Appalachian 
rcKion. Near Centre Hall, Pennsylvania. (Photo by Marshall Kay.) 


good deal like those of the east, but the sections are usually less complete 
and less well-studied. In the Inyo Mountains of eastern California 
there are 5000 feet of marine strata, largely limestone. 

The aggregate thickness of Ordovician strata in New York is from 
2000 to 4000 feet; in the Appalachian Mountains, 5000 to 8000 feet; in 
the central Mississippi Basin, 1000 feet or less; in the Arbuckle Moun¬ 
tains of Oklahoma, 10,000 feet; in the Rocky Mountains, several thou¬ 
sand feet; and in eastern California, 5000 feet. 

The Ordovician strata in New England, the Appalachian Mountains, 
the mountains of Oklahoma, the Rocky Mountains, Utah, and the Basin 
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and Range Province are usually more or less highly folded and faulted. 
Throughout the great Interior Lowland, they are but little disturbed 
from their original horizontal position. 

In parts of New England and the western United Stales, Ordovician 
strata are often notably metamorphosed. 



Fig. 65 Horizontal l)c<ls of marine, highly fossiliferous. Middle Ordovician (Tren¬ 
ton) limestone rc'tinjr by profound unconformity (U) on Archeozoic pneiss. 
Proterozoic, Cambrian, and Farly Ordovician rocks are here missinp. Mont- 
pomery, southeastern Canada. (.After C. D. Walcott, C. S. Geolopical Survey.) 


Igneous rocks are moderately represented in the Ordovician system of 
North .America. Plutonic rocks are practically unknown, but a remark¬ 
able occurrence is that of several beds of altered Middle Ordovician vol¬ 
canic dust within an area of several hundred thousand square miles of 
the Appalachian region and eastern Interior Lowland. Middle Ordovi¬ 
cian volcanic rocks occur in Newfoundland, in a part of eastern ()uebec, 
and in southern .Alaska, and western British Columbia. 
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Physical History 

Karly Ordovician Sea. After the extensive emergence which 
caused practically all of North America to be a land area at the close 



Fig. 66 . Generalized paleogcographic map showing sea and land areas in North 
America during Early Ordovician time. White areas, land; ruled areas, sea; 
dotted area, sea(?). 


of the Cambrian, the sea began, in Early Ordovician time, to encroach 
upon portions of the continent. By the middle of the Early Ordovician, 
marine waters, coming from the Arctic, Pacific, Atlantic, and Gulf of 
Mexico, overspread large parts of the continent as shown in a general 
way in Figure 66. Cascadia, Appalachia, .Antiilia, and Mexicoia were 
well-defined land areas as they usually were during the greater Paleozoic 
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floods, but Canadia was very large and extended far southwestward in 
the United States into Arizona, thus including Siouxia. Both the Cordil- 
leran and Appalachian geosynclines were well represented. 

The nature of the material (largely limestone) deposited in this Early 
Ordovician sea shows that none of the great land areas stood high, not 
even Appalachia. 

As previously stated, the whole continent was a remarkably flat, 
lowland area at the close of the Cambrian. For this reason little change 
of level between sea and land was needed to permit widespread sub¬ 
mergence. 

Early Ordovician time seems to have closed with a disappearance 
of the marine waters from much, or possibly all. of North America. 

Middle Ordovician. Sea. Middle Ordovician time was marked 
by a still greater invasion of the continent by marine waters. Beginning 
with a generally emergent continent the waters spread until a climax 
was reached when not only the Early Ordovician marine areas were again 
submerged, but also more of Canadia especially in the Arctic Islands re¬ 
gion. The lands were low, erosion was not very active, the seas were 
wide, and, therefore, relatively little land-derived sediment was depos¬ 
ited on the floor of the extensive continental sea. It was a time unusu¬ 
ally favorable for limestone making. This sea was almost as extensive 
as that of Late Ordovician time. During the Middle Ordovician, Appa¬ 
lachia must have been in an unusually worn down condition as proved 
by the nature of the clastic sediments—all fine grained—carried from it 
by streams and deposited in the adjacent Appalachian geosyncline. 

Middle Ordovician lime was brought to a close by another with¬ 
drawal of the sea from practically all of the continent. 

Trenton Group and Time. Perhaps the most noteworthy of all sub¬ 
divisions of the Ordovician system is the Trenton group of limestones 
of upper Middle Ordovician age. These limestones were deposited in 
a sea which extended over nearly all of New York, part of southeastern 
Ontario, nearly all of Pennsylvania and Ohio, all of West Virginia, west¬ 
ern Virginia, and the eastern halves of Kentucky and Tennessee. In 
other words, Trenton limestone was deposited everywhere, and it is 
clearly recognized as such, over an area looo miles in length with a 
maximum width of 500 miles. 

The gray to nearly black limestones are very well stratified, and the 
layers are commonly separated by thin beds of black shale, the dark 
color being caused by abundance of organic material. Fossil remains 
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of marine shelled animals occur in almost unbelievable numbers, usually 
constituting the main mass of the rock. Considering its great areal ex¬ 
tent, another remarkable fact about the Trenton group is its thinness, 
probably nowhere more than 600 or 700 feet. Througho\it its existence 



Fic. 67. Generalized paleogeographic map showing sea and land areas in North 
America during Late Ordovician time. This was the most extensive known sea 
in the history of the continent. White areas, land; ruled areas, sea; dotted area, 
sea(?). 

the shallow Trenton sea literally teemed with numerous species of in¬ 
vertebrate animals. But little land-derived sediment (now shale) depos¬ 
ited in the sea. Some associated volcanic ash beds are described under 
the next caption. 

It is remarkable how, as a result of careful studies of a persistently 
widespread group of richly fossiliferous marine strata such as the Tren¬ 
ton. sea and land relations may be worked out in considerable detail for 
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large as well as small areas, and for very restricted parts of geologic 
time. 

Middle Ordovician Volcanic Activity. In sharp contrast to the 
generally quiet conditions, characterizing Middle Ordovician time in 
eastern North Amerca, was the explosive activity of volcanoes in what 
is now the eastern highland region. Thus, altered volcanic dust beds, 
called bentonite, occur at various horizons in the Middle Ordovician 
series, particularly in the Trenton group of limestones. They are known 
in sixteen states, ranging from Vermont southwestward through the Ap- 



Fic. 68. Detail view of Middle Ordovician limestone containing a bed of altered 
volcanic dust called bentonite. White marker shows position of the bed which 
is about r8 inches thick. Appalachian region near Bristol, Virginia. (Photo by 
Charles Butts, U. S. Geological Survey.) 


palachian region to Alabama, and as far west as Michigan and Missouri. 
These ash beds usually vary in thickness from i to 7 feet (Fig. 68). In 
some cases individual beds are known to extend many miles. Their gen¬ 
erally diminishing thickness westward and northward indicates that the 
active volcanoes were on the western side of Appalachia with greatest 
activity in the western North Carolina region. 

Also in Middle Ordovician time, vigorous volcanic activity occurred 
in Newfoundland, a part of eastern Quebec, New Hampshire, southern 
Alaska, and western British Columbia. In all of these regions lavas as 
well as tuffs are found. 
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Late Ordovician. Late Ordovician time was marked by the most 
extensive transgression of the sea in the known history of the continent. 
This sea covered not only the same general areas as the Early and Mid¬ 
dle Ordovician seas, but also more of Canadia as shown by Figure 67. 
Waters from the Arctic, Pacific, Atlantic, and Gulf of Mexico all took 
part in the development of this vast epeiric sea. 

The spread of the Ordovician seas repeatedly over so much of the 
continent is more readily understood when it is realized that the lands 
were generally low and featureless so that relatively little change of level 
between sea and land allowed extensive marine invasions. 

Because Late Ordovician sediments of the Appalachian geosyncline 
are prevailing clastic (sandstones and shales), it is evident that an im¬ 
portant change in physical geography conditions took place there late in 
the period. The clastic sediments came from the east as proved by their 
distribution. This shows that Appalachia, their source region, under¬ 
went notable rejuvenation well before the close of the period, and that 
the relatively higher land was eroded fast enough to supply much clastic 

sediment. 

As we shall learn presently, important crustal disturbances (oro- 
genic), accompanied by uplifts, reached their climax just west of Appa¬ 
lachia toward the close of the period. 

As a result of general emergence, the vast sea was expelled, and prac¬ 
tically the whole continent was dry land at the close of the Ordovician 
period. Thus, three times during this one period, seas advanced over, 
and retreated from, extensive portions of North America. 

Depth of Ordovician Seas. Because Ordovician strata often 
show a thickness of 2000 to 8000 feet, it should not be inferred that the 
Ordovician sea was necessarily ever 2000 to 8000 feet deep. The strata, 
even including limestones, often abundantly prove by ripple marks, mud 
cracks, and character of the fossils that they were laid down in shallow 
sea water. The very character of the thick materials (original muds and 
sands) in the Upper Ordovician implies that they could not have been 
deposited in deep ocean water. Such sediments are not now forming on 
the deep-sea bottom. How are these statements to be harmonized with 
the fact that Ordovician strata thousands of feet thick exist over consid¬ 
erable areas? During long portions of the period the sea bottom more 
or less gradually subsided while stratum after stratum was deposited, 
and so it is not necessary to assume that the water was ever really deep. 
The usual depth was probably not over several hundred feet, while a 
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depth of looo feet rarely if ever obtained. The North American oceans 
were, in other words, true epicontinental (or epeiric) seas. There were 
no ocean abysses at all comparable to those of the present Atlantic or 
Pacific where depths of 3 to s miles are common. This is known be¬ 
cause no true deep-sea deposits occur in the Ordovician. The principles 
here set forth are applicable also to the continental seas of other periods 
of geological time, 

Taconic Revolution. Thousands of feet of Cambrian and Ordo¬ 
vician sediments accumulated in the Appalachian geosyncline on the west 
side of the northern half of Appalachia. Then, during the latter part 
of the Ordovician period, a compressive force was brought to bear upon 
this body of strata. As a result of the orogeny, the strata were folded, 
thrust-faulted, and uplifted into the Taconic Mountains (Fig. 70). 
This orogeny has been called the Taconic Revolution, so named from a 


5l)d« 



Fig. 69. Structure section throu(;h part of southeastern New York showing how 
the Late Ordovician strata were folded (Taconic Revolution) and eroded before 
the Silurian strata were laid down nonconformably upon them. The Silurian 
strata were deformed at a much later time. 

ridge in the Berkshire Hills of Massachusetts. The mountain-making 
extended from Newfoundland through the eastern part of the St. Law¬ 
rence Valley, the western side of New England, southeastern New York, 
and into southeastern Pennsylvania. Though we have no way of tell¬ 
ing how high the mountains may have been, the structural features, and 
the great amount of erosion after the folds were produced, clearly indi¬ 
cate that the uplift was at least some thousands of feet. 

In passing westward from the main axis of the range, the folding is 
less and less intense, until finally the folds die out altogether. 

How do we know that the Taconic disturbance took place toward 
the close of the Ordovician period? Strata of the next succeeding pe¬ 
riod (Silurian) rest directly in places upon the eroded edges of Late 
Ordovician rocks (Fig. 69); hence it is obvious that the disturbance 
occurred before the Silurian strata were deposited. Figure 77 clearly 
shows that rather Late Ordovician strata (Martinsburg) were folded. 
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uplifted, and eroded before the Early Silurian formation (Tuscarora) 
was deposited upon them. Also the disturbance doubtless began well 
before the close of the Ordovician period. This is borne out by the fact 
that a thick pile of late Middle Ordovician (Mohawkian) and Late 
Ordovician (Cincinnatian) sandstones accumulated in a sinking trough 



western New York showing: (i) that the thick pile of Upper Ordovician clastic 
sediments (sandstones and shales) must have accumulated in a sinking trough 
in the delta area, and (2) that these sediments must have come from rising and 
eroding (Taconic) mountains on the cast during relatively I.ate Ordovician 
time. Note how the thick clastic sediments of the delta area grade westward 
into much thinner shale and limestone formations. 

just west of the site of the Taconic Mountains. This material thins out 
rapidly to the west into fine grained shales and limestones. A logical 
conclusion is that the thick pile of clastic sediments came from the ris¬ 
ing mountains during the latter part of the Ordovician period (Fig. 70). 
The nature of the sediments indicates that much of the deposition took 
place in a subsiding delta region. 

Climate 

Red sandstones, salt, and gypsum in the Upper Ordovician of north¬ 
ern Siberia clearly imply an arid climate in northern Asia during the 
late Ordovician. So far as can be determined from the character of the 
rocks, geographic conditions, and distribution of the fossils, the climate 
of North America and Europe must have been mild and much more uni¬ 
form than now. Ordovician fossils even from Arctic lands, are very 
similar to those of low latitudes. 

The very extensive Ordovician seas, allowing a much freer circula¬ 
tion of waters between low and high latitudes, no doubt helped to keep 
the climate of the earth more uniform then than at the present time. 

Ordovician Life 

The evolution of living things made distinct progress during Ordovi¬ 
cian time. Perhaps most important was .the appearance of the first 
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known vertebrates represented by very primitive forms (e.g., ostraco- 
derms). There is also some evidence for the presence of very primitive, 
fernlike land plants. 

Among the coelenterates, the first known corals appeared. All im¬ 
portant divisions of the echinoderms were present. Brachiopods, gastro¬ 
pods, cephalopods, eurypterids were common. Trilobites, which existed 
in great numbers, and as many species, reached their climax of develop¬ 
ment. Ostracods are first known from this period. 

Ordovician life is more fully discussed in Chapter XVIII. 

Economic Products 

Great quantities of Ordovician limestone are quarried for building 
purposes or burnt for lime in various parts of the United States. Great 



Fic. 71. Structure section to show a typical occurrence of gas, oil, and water in 

an anticlinal structure. (After U. S. Geological Survey.) 


quantities of Ordovician marble are quarried in western New England, 
especially in Vermont near Rutland and Proctor. Other important 
quarries are in eastern Tennessee. 

In eastern Pennsylvania much Trenton limestone is used in making 
Portland cement. 

Much Ordovician slate is quarried from southern Vermont to Vir¬ 
ginia. 

The St. Peter sandstone of the upper Mississippi Valley is an im¬ 
portant aquifer. It is also much used in the manufacture of glass. 

Important lead and zinc ores occur in Ordovician limestones in Wis¬ 
consin, Illinois, and Iowa. 

Manganese ores of Arkansas and phosphate deposits of Tennessee 
occur in limestones of this age. 
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Oil and gas in the Ohio-Indiana field (Fig. 71) are derived largely 
from Ordovician rocks, especially the Trenton limestone. In the great 
Mid-Continent field, especially in northern Texas, Kansas, and Okla¬ 
homa, large quantities of oil are obtained from Ordovician sandstones. 
Two of the greatest districts—Seminole and Oklahoma City have each 

produced hundreds of millions of barrels of oil. 

In most cases by far oil and gas occur in porous beds or formations 

(usually sandstone) lying between impervious beds (usually shale). 
Most typically the gas and oil are arranged in order of specific gravity 
along the axis and upper flanks of anticlinal structures, with water 
usually at still lower levels (Fig. 71)- The oil and gas were formed 
by decomposition of rich organic accumulations in the strata. 

European Ordovician 

Ordovician marine strata are widespread in Europe, and there, as in 
North America, shallow seas, teeming with life, covered large parts of 
the continent much of the time. There were two distinct provinces a 
northern and a southern, as proved by important differences between the 
fossils of northern and southern Europe. The Ordovician fossils of 
northern Europe are closely related to those of North America, thus 
implying a shallow sea connection between North America and Europe. 
The scarcity of limestone in the European Ordovician is in marked con¬ 
trast with that of North America. 

In the British Isles, where the European Ordovician is thickest (be- 
ing many thousands of feet), great igneous intrusions and extrusions took 
place, so that this region ranks as one of the greatest ancient volcanic 

areas in Europe. 

Important geologic changes took place toward the close of the pe¬ 
riod, and the Silurian often rests by unconformity upon the Ordovician. 
Thus in the British Isles the Ordovician rocks were folded, upraised, and 
often metamorphosed, with Silurian strata resting upon their eroded 

edges. 
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THE SILURIAN PERIOD 
Introduction 

We have already learned how the great body of lowest fossiliferous 
strata in the British Isles was called the Silurian system by Murchison in 
1835. The name was derived from Silures, an old tribe which once 
lived in part of Wales. In the preceding chapter we have also shown 
how the Silurian has since been divided into three systems—Cambrian, 
Ordovician, and Silurian. 

Because the Silurian strata, like the Ordovician, in North America 
were first carefully studied in New York, the nearly complete and highly 
fossiliferous section there is usually regarded as a standard of compari¬ 
son for American Silurian in general. 

As with the Cambrian and Ordovician systems, so the Silurian is 
generally divided into three major portions or series, these in turn being 
subdivided into various formations. 

General Distribution of the Rocks 

As in the case of the Ordovician system, most of the regions indi¬ 
cated in black in Figure 52 contain large or small areas of outcrops 
of Silurian strata, thus showing their remarkably widespread surface 
distribution. Most of the larger areas of outcrops lie in the eastern one- 
half of North America, mainly in the Appalachian, Interior Lowland, 
New \ ork, Great Lakes, Gulf of St. Lawrence, Hudson Bay, and Arctic 
Islands regions. Numerous small, scattered areas occur from the Rocky 
Mountains westward. Certain points of comparison with the distri¬ 
bution of the Ordovician may be mentioned. Thus to a very consider¬ 
able degree the Silurian and Ordovician rocks occur in the same areas, 
the chief differences being much more e.xtensive areas of Silurian strata 
in the Arctic Islands region, and their smaller representation in the 
Mississippi Basin, Rocky Mountains, and Great Basin of the west. 

As stated in connection with the areal distribution of the two pre- 
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ceding systems, so here, the surface distribution of Silurian rocks by no 
means indicates the former or even present actual extent of these rocks 
in North America. From many regions Silurian strata have been re¬ 
moved by erosion, while in other regions they are concealed under cover 
of later rocks. Thus most of the upper Mississippi Basin, with its essen¬ 
tially horizontal strata, is underlain with Silurian rocks, and only the 
eroded edges of upturned Silurian strata are exposed in the Appalachian 

Mountains. 
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Representative Divisions of the Silurian System 

Table 6 shows the principal divisions of the Silurian system, with 
subdivisions in three well-known regions, as they are recognized in east¬ 
ern North America. 

The classic New York Silurian section is about as complete as the 
Ordovician, with relatively few, minor unconformities, and so the forma- 
tional divisions are made almost entirely on the basis of index fossils. 
As was stated in connection with the Ordovician, so here, it should be 
remembered that many formation or stage names have been more or 
less locally applied in North America to formations not definitely cor¬ 
related with those of New York, or to a few others not represented in 
New York. Also the lithologic character of formations may be quite 
different in different regions. 

Description of the Rocks 

Silurian Strata in the East. Medinan Series. This series is 
represented by the Albion group in western New York, being excellently 
exposed in Niagara Gorge. It consists of various strata such as alter¬ 
nating layers of cross bedded greenish and reddish sandstones and shales 
together with some beds of impure limestone. 

The Shawangunk conglomerate is of the same age as the Albion. It 
is hundreds of feet thick. The eroded edges of its resistant, tilted beds 
forms the Shawangunk Ridge of southeastern New York and the Kitta- 
tinny Ridge of New Jersey and eastern Pennsylvania where it rests upon 
the eroded edges of folded Ordovician shales (Fig. 72). The Delaware 
River has cut the famous Delaware Water Gap through this formation. 
Continuing southward through the Appalachian region, a formation of 
the same age is known as the Tuscarora sandstone. In the Interior Low¬ 
land, Medinan rocks are mainly limestones. The coarse Medinan sedi¬ 
ments just described resulted from vigorous erosions of the newly formed 
Taconic Mountains or rejuvenated Appalachia, or both, to the east. 

Niagaran Series. The Clinton group, with its correlatives, extend 
through the Appalachian Mountains, westward from central New York 
to Lake Huron and Indiana into Wisconsin, and probably through Illi¬ 
nois and Missouri. It is also known in Nova Scotia. Lithologically 
this group is quite variable, being mostly shales and sandstones in the 
.Appalachians and central New York, and largely limestone in western 
New York and farther west and southwest. This limestone does not 
imply deep marine water, but merely shallow water comparatively free 
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from land-derived sediments. remarkable and very common feature 
of the upper Clinton is its interstratified beds of iron ore (hematite). 
This iron ore is especiallv well developed throuijhout the .Appalachians, 
from central to western New York. W isconsin, anil in Nova Scotia. 
The ore is concretionarv or oolitic in character and appareuth' a con¬ 
temporaneous deposit enclosed within the shales or limestones. It is 

often hishly fossiliferous, hence the name '■lo.ssil ore. 

The (Lower Clinton) Oneida conglomerate occurs in central New 
York. Ripple marks, cross bedding, and the character of the fossils 



^ T C l r<;hawancunk) conglomerate reslinp by unconformity upon 

Fic. 72. Lower Silurian (Sha\%anci^K; York (\ftcr New York State 

Upper Ordovician shale near Otisville. New \ork, (Alter 

Museum ) 

limestones with a still wider distribution than the ^ J 

locality is at Niagara Falls, where they have been divuled ^e 
port and Guelph dolomitic limestone formations. ^ 

h the crest of Niagara Falls is Lockport dolomite. ‘ 

time was another great limestone-making age almost ^ ^ 

of the mid-Ordovician. In the Ignited States. Upper Magaran lime- 
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stone is known throughout much of the upper Mississippi Valley and 
Great Lakes region, southward to Tennessee, and westward to Mis¬ 
souri, Oklahoma, and northern Texas. In Canada it is widely distrib¬ 
uted in Manitoba, just west of Hudson Bay, and in the Arctic Islands. 
Niagaran limestone also quite certainly occurs in parts of the western 
United States, though definite correlations usually have not been made. 
Coral reefs are of common occurrence in the formation. It should not 
be understood, however, that limestone was universally forming during 
Niagara time, exceptions being, for example, Niagaran shales in central 
New York and in Nova Scotia. 

Cayugan Series. The Satina formation rests directly upon, but is 
much less extensive than the Niagaran, being found only through west¬ 
ern Pennsylvania, New York, southeastern Ontario, Ohio, Michigan, 
and West Virginia. The group contains all common kinds of sediments 
as well as waterlime, red shales, and salt and gypsum beds. 

In New York the Salina group contains lens-shaped salt beds (Syra¬ 
cuse salt) which underlie much of the western part of the state, or an 
area of about 10,000 square miles. In some places there is one salt 
bed. and in others several beds, interstratified with shales. Single 
beds locally attain thicknesses of 50 to 80 feet. In the southern part 
of the state the salt is most deeply buried under later rocks, a well near 
Ithaca having passed through 248 feet of salt in seven beds below 2244 
feet from the surface. Toward the north the beds gradually come to 
the surface. The salt beds are in the middle of the Salina group. In 
western New York there are also extensive beds of gypsum in the Upper 
Salina. 

Important Salina salt beds also extend westward across southern 
Michigan, and southward into northern West VMrginia. Some of the 
lens-shaped salt beds in Michigan are hundreds of feet thick, with a 
total thickness as great as 1800 feet. Figure 74 shows the extent of 
the Salina salt region. 

Overlying the Salina beds, but considerably more e.xtensive, are the 
limestones and waterlimes of Cobleskill, Rondout, and Manlius ages 
which reach from Pennsylvania and New York westward to Indiana and 
Wisconsin. 

Silurian Strata in the West. Definite subdivisions and correla¬ 
tions of the Silurian strata in western North America have usually not 
been made. 

In certain regions, like parts of the Basin and Range Province, 
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lavci Hows are associated with marine strata, Silurian volcanics are also 
abundant in southern Alaska, western Briti>h (.'oUintbia. and north¬ 
western California. 


Structure of Silurian Rocks. .\s in the case of the Ordovician, so 
the Silurian system in New Kngland. the .Appalachian Mountains (Fig. 
73). the mountains of Oklahoma, and the mountains of the west, is 

usuallv more or less hiuhlv folded and faulted. Flsewhere. as throuizhout 

* • 

the great Interior Lowland, they are but little disturbed from their 
original horizontal [)osition. In some places, as in parts of New England, 
the Silurian strata are variably metamorpho.sed. 
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Thickness of the Silurian System. From central to western 
New York the thickness of the Silurian system is from 2000 to 3000 feet. 
Its usual thickness is from 2000 to 6000 feet in the Appalachians, while 
in the Mississippi Valley the thickness is generally less than 1000 feet. 
The Niagaran limestone is a notable exception to the usually greater 
thickness of the Early Paleozoic strata in the Appalachian region, since 
in Wisconsin it is some 700 to 800 feet thick, while in the east it is only 
from 100 to 300 feet. In Maine the Silurian system contains 6000 feet 
of strata and thousands of feet of volcanic rocks. A thickness of about 
1000 feet of Silurian occurs in central Utah, and 2500 feet in Alaska. 

Physical History 

Early Silurian. We have learned that, as a result of physical dis¬ 
turbance toward the close of the Ordovician, much of the interior Paleo¬ 
zoic sea was drained, causing the land area to be so much enlarged that 
it was as extensive as at any time since the beginning of the Paleozoic 
era. This was essentially the geographic condition of the continent at 
the beginning of the Silurian. The boldest topographic feature was the 
presence of the newly formed Taconic Range in the middle-eastern part 
of the continent. 

During Early Silurian (Medinan) time there was a more or less 
gradual encroachment of the sea until in the later Early Silurian time 
when about one-fourth of the continent was flooded. Much of the east¬ 
ern one-half of the continent, excepting Appalachia, Antiilia, and eastern 
Canadia, was covered by a shallow sea extending from the Gulf of 
Mexico probably to the Arctic Ocean, with an arm through the St. 
Lawrence Valley region to the North Atlantic Ocean. The coarse Medi¬ 
nan sediments, derived from the young Taconic Mountains and rejuve¬ 
nated Appalachia, were laid down in this sea from New York to Alabama, 
while finer sediments and limestones were deposited farther west. 

The Early Silurian seas of western North America were far more 
restricted, but their extent is at present rather imperfectly known. An 
arm of the Pacific Ocean probably extended across southern California 
and Nevada into southern Idaho. 

At the close of Early Silurian time the seas largely withdrew from the 
continent. 

Middle Silurian. Another grand marine invasion set in, especially 
over much of Canada, reaching a climax in late Middle Silurian (Ni¬ 
agaran) time. This was one of the four or five most extensive floods 
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in the known history of North America. The general relations of land 
and water, about as shown by Figure 74. were much like those of 
Late Ordovician time with the exception of the much larger Silurian 
land area (Siouxia) in the interior of the continent. More than one- 
half of North America was covered. That this vast Niagaran sea was 



Fig. 74. Generalized paleogeographic map showing sea and land areas in North 
America during Middle Silurian time. This was the greatest Silurian sea. The 
Late Silurian (Salina) salt region (S), extending from Central New York to 
Lake Michigan is outlined. 

a shallow-water (epeiric) sea is dehnitely known for reasons similar to 
those given in the discussion of the broad Ordovician seas. The Lock- 
port and Guelph dolomites were deposited in these waters. 

There was much Silurian volcanic activity, particularly in the Middle 
Silurian, in eastern Maine, New Brunswick, and Nova Scotia. Both 
lava flows and fragmental materials piled up to thicknesses of thousands 
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of feet over wide areas. Marine strata of Silurian age are often inter- 
bedded with the volcanics, thus proving that the latter were laid down 
under the sea. Volcanoes were also active in southern Alaska, western 
British Columbia, and northwestern California. 

J^Iiddle Silurian time closed with extensive, but not complete, with¬ 
drawal of the sea from the continent. 

Late Silurian. That an extensive retrogression of the Late Niag- 
aran sea ushered in Salina time is proved by both the restricted distri¬ 
bution and character of the Salina strata, which as already explained, are 
generally characterized by red shales and sandstones, and salt and gyp¬ 
sum beds. Such materials imply arid climate conditions, with deposition 
in extensive lagoons or more or less cut-off arms of the sea, rather than 
typical open sea conditions. Thus, from time to time, salt beds formed 
under dry climate environment by precipitation in increasingly briny 
waters which occupied more or less local basins scattered over the Salina 
salt region. Al.so occasionally fresh supplies of salt water were brought 
into the Salina salt region through a narrow channel (or several 
channels) connecting with the sea. Thus we have a reasonable explana¬ 
tion of both the vertical and horizontal distribution of the salt beds in 
the Salina group. The gypsum beds in the upper part of the Salina 
group also resulted from precipitation from highly mineralized waters 
under arid climate conditions. As previously mentioned, the Salina salt 
beds extend from central New York westward across southern Michigan 
and southward to West Virginia as shown in Figure 74. 

Because the immediately overlying Cayugan formations (Cobleskill, 
Rondout, and Manlius) are mostly marine deposits and more extensive 
than the Salina, it is evident that there was at least a partial restoration 
of more widespread marine waters in the eastern United States during 
later Cayugan time. This later Cayugan sea spread from eastern New 
York westward over the Salina lagoon areas and into eastern Wisconsin, 
and from eastern New York southward through the Appalachian district. 
The St. Lawrence and California-Nevada arms of the sea probably still 
persisted. The Mackenzie River Basin and parts of Alaska were prob¬ 
ably submerged. As far as known the rest of the continent was land. 

In addition to the broader and more important geographic changes 
during the Silurian period, there were of course various minor and gen¬ 
erally local changes of relative level between land and sea, some of these 
now being known, and many others yet to be determined by field and 
laboratory studies. 
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Close of the Silurian.—At the close of the Silurian, or opening of 
the Devonian, the Cayugan sea withdrew from the area from central 
New York to Wisconsin, and but few comparatively small parts of 
North America remained submerged, such as the area extending from cen¬ 
tral New York through the northern Appalachian region. 

There appear to have been no mountain-making (orogenic) move¬ 
ments, and no important epeirogenic disturbances at the close of the 
Silurian in North America. Because of the comparatively quiet and 
gradual transition into the succeeding period, the Silurian and Devonian 
systems are usually not sharply separated from each other, and often, as 
in New York and in the Appalachian region, there has been difficulty in 
satisfactorily dividing the systems. In the Interior Lowland region, 
however, the two systems are usually separated by a rather important 
disconformity because either Late Silurian or Early Devonian strata (or 
both) were never deposited over most of that region. 

Climate 

The general distribution and character of the rocks and their fossil 
content point to more uniform climatic conditions than those of today. 
Fossils in the Arctic Silurian rocks are not essentially different from those 
of low latitudes. 

From central New York across to Michigan at least, there was an 
arid climate during the Salina epoch, as already mentioned, but this was 
probably only local. 

Silurian Life 

Low-order, seedless land plants, with fernlike affinities, are known 
from Silurian strata, but the record is very meager. 

Graptolites, corals, echinoderms, bryozoans, and mollusks con¬ 
tinued to be very common, but with no outstanding evolutionary 
change as compared with the preceding Ordovician period. Trilobites 
passed their zenith of development, and ostracods became common. 

Important from the evolutionary standpoint was the first-known 
appearance of very primitive fishes (sharks). Also there is a record of 
the earliest known air breathing animal—a scorpion. 

Silurian life is more fully discussed in Chapter XVIII. 

Economic Products 

Silurian sandstones and limestones are extensively quarried for build¬ 
ing purposes, or the limestones burned to make quicklime. 
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^lention has been made of the widespread occurrence of hematite iron 
ore in the Clinton formation. This ore is mined to some extent in cen¬ 
tral and western New York, but in the Birmingham, Alabama, district, 
which is the second greatest iron mining region of America, the Clinton 
formation is the source of the ore. 

Another important economic product of Silurian age is the salt of 
the Salina formation, already described. Many millions of barrels of 
salt are obtained yearly from these salt beds, especially in New York 
and Michigan. The usual method of procuring the salt is to pump 
brine from deep wells which have been drilled into the salt beds, the 
brine then being evaporated to dryness. To some extent the rock salt 
is mined as such. 

Much gypsum is mined along the lines of outcrop of Cayugan strata 
in western New York. 

Oil and gas are obtained from the Clinton sandstone of Ohio, some 
gas from the Medina sandstone of New York, and some oil from Silurian 
limestone in Kentucky, 


European Silurian 

The Ordovician division of Europe into two great provinces or 
basins of deposition—northern and southern—was continued in the Si¬ 
lurian, though the latter strata are not so widely distributed. The fossils 
of these two provinces show greater differences than does the northern 
province as compared with North America, or even other continents. 
This implies a lack of free communication between the southern Euro¬ 
pean province and the more typical Silurian provinces of the earth. 

As in America, European Silurian strata are largely concealed be¬ 
neath later formations. Usually the Silurian rests conformably upon 
the Ordovician, except in the British Isles. Also in most of Europe the 
transition to the Devonian was gradual, except in the British Isles, where 
the Silurian strata were tilted and eroded before the deposition of the 
Devonian. In much of the southern province the rocks are folded and 
tilted, though this deformation took place sometime after the close of 
the Silurian. In mid-Silurian, as in North America, much limestone 
was formed across the British Isles, southern Scandinavia, and well into 
Russia. Silurian strata of Europe are not as thick as those of the two 
immediately preceding systems, being from 3000 to 5000 feet in the 
British Isles, and generally less elsewhere. 

In Europe the Silurian period closed with mountain-making on a 
grand scale. Across the northern British Isles and through the whole 
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length of Norway, Silurian and older strata were highly folded, pro¬ 
foundly thrust faulted, and intruded with large granite batholiths. This 
has been called the Caledonian Revolution. Only the roots of the orig¬ 
inal Caledonian Mountains now remain. Much of their site is now 
covered by the waters of the Atlantic. The orogenic pressure came from 
the west in Norway where thrust-fault blocks moved eastward scores 
of miles, but in the British Isles the thrusting was to the northwest. 
There is some evidence that this mountain-making extended through 
Spitzbergen and eastern Greenland. 

Considerable mountain-making also took place through northern 
France, southern Germany, and into Austria, 



CHAPTER XIV 


THE DEVONIAN PERIOD 

Introduction 

In 1839 SedRwick and Muchison gave the name of Devonian to 
strata of this age in the county of Devonshire in southern England. 
Devonian rocks were there first carefully studied. 

In North America the New York subdivisions are generally taken 
as the standard for correlations because the Devonian strata were there 
first studied. The nearly complete New York system is excellently 
exposed with a thickness of fully 4000 feet, and it covers about one- 
third of the area of the state. There was practically continuous deposi¬ 
tion of strata during Devonian time in New York, and if locally a stage 
or sub-stage is missing, it is present elsewhere in the state. It is doubtful 
if a greater degree of refinement of knowledge exists regarding so com¬ 
plete a section of the Devonian or of any other Paleozoic system in North 
America than that in regard to New York state. Most of the New York 
Devonian is highly fossiliferous, and the gently tilted strata have been 
cut into deeply by numerous streams thus making many fine exposures 
available for study. 

General Distribution of the Rocks 

All known areas of outcrops of Devonian strata in North America 
occur within the regions showing the surface distribution of Devonian, 
Mississippian, and Pennsylvanian strata as represented on Figure 75 - 
A comparison with the Silurian shows that, in the eastern part of the 
continent, these two rock systems are very similar in surface distribution, 
though the Devonian is of much larger extent in New York. The only 
other important differences are a much larger Devonian area in the Mac¬ 
kenzie River region, and smaller areas in the Arctic Islands region. 

It should again be borne in mind that these surface areas of Devonian 
rocks fall far short of indicating the actual former, or even present extent 
of rocks of this age, because considerable Devonian rock has been re- 
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Ficj. 75. Map showing areas of uuicrops (surface distribution) of Devonian, 
Mississippian, and PennsyKanian ti North America. Strata of these ajies also 
occur among the widespread, but as yet undifferentiated Paleozoic rocks in 
British Columbia, Yuken, and Alaska. Some probably also occur under cover 
of Ccnozoic volcanics in Oregon avid Washing'on. All three systems are, how¬ 
ever, not everywhere reprcicnted in all cf the areas s^own on the map or just 
mentioned. 

moved by erosion, and much is now buried under later formations. Thus 
in the Appalachians and the mountains of the western United States, the 
Devonian strata have been hij'hly folded with others, so that only the 
outcropping edges are visible. In the Mississippi Basin, where the strata 
are essentially horizontal, deep well borings have proved that the Devo¬ 
nian strata are extensively distributed under cover of later rocks. 

Representative Divisions of the Devonian System 

Table 7 shows the major divisions and formational subdivisions in 
three well-known regions. 
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As stated in connection with the preceding system, so here the reader 
should know that in many parts of America where definite correlations 
have not been made, local subdivisions or stage names are employed, and 
also that the lithologic character of the various stages in New York may 
be quite different from those in other regions. 

Description of the Rocks 

Devonian Strata in the Kast. Ulsterian Series. Of this series 
the Helderberg group represents very Early Devonian time. It is 
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limited in distribution in eastern North America, being found only 
from Newfoundland southwestward through New England to Alabama 
and thence westward into Oklahoma. It is confined to the ruled areas 
of Figure 78. Limestone almost everywhere prevails and ranges in 
thickness to about 600 feet. 

The Oriskany sandstone formation is extensively developed from 
central New York through the Appalachian region to Alabama, and into 
the eastern part of the Interior Lowland region. Its thickness varies 



Fic. 76. Upper Devonian shales along the Genesee River in western New York. 
(Photo by C. Streb, courtesy of the New York State Museum.) 
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from a few feet in New York to several hundred feet in Maryland. In 
northern Maine and New Brunswick the Oriskany is mostly a limy 
sandstone. 

The Onondaga limestone formation is very widespread, extending 
from eastern New York and eastern Pennsylvania westward into Ohio 
and Kentucky. Its thickness is seldom over 200 feet, and it is often 
largely made up of corals, as for example at the Ohio River rapids near 
Louisville. In northern Maine and New Brunswick, the Onondaga 
limestone is widespread and apparently many hundreds of feet thick. 

. Erian Series. This Middle Devonian series, well represented by the 
Hamilton and Genesseo shales, has a wider distribution than the Onon¬ 
daga. In the east, where shales were deposited, it reaches a thickness of 
1500 to 5000 feet in Pennsylvania, but, in the upper Mississippi Valley, 
where much limestone accumulated, its thickness is far less. A good 
idea of the distribution, both surface and concealed, of the Middle 
Devonian strata is afforded by noting the ruled areas of Figure 79. 

Senecan and Chautauqttan Series. These Upper Devonian strata 
show a general distribution very similar to the Middle Devonian. 

The Senecan series includes the Genesee and Naples shales. Portage 
sandstones and shales, and Chemung sandstones. In western New York 
and central Pennsylvania the Portage and Chemung are each fully 1000 
feet thick. 

The Chautauquan series of sandstones and shales are 1000 to 
1500 feet thick in western New York; 3000 feet in eastern New York; 
and fully 10,000 feet in eastern Pennsylvania. The Catskill formation, 
thousands of feet thick, is mostly a fresh or brackish water deposit. It 
represents an eastern phase (delta deposit) of the marine Chemung and 
other upper Devonian formations as shown in Table 7. 

In the Mississippi Valley, westward from New York and the Appa¬ 
lachians, the Upper Devonian is much thinner, and the New York names 
are not used. 

Devonian Strata in the West. Devonian strata outcrop more or 
less extensively in many parts of western North America. There is a 
Ygi-y extensive area in the Mackenzie River Basin and Saskatchewan. 
Many smaller areas include those in ^lanitoba, Alaska, the islands west 
of northern Greenland, through the Rocky Mountains of the United 
States and Canada, and in Arizona, Nevada, Utah, California, and other 

places. 

The western Devonian strata are largely limestones and shales. 
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They have been less studied and subdivided than the eastern Devonian 
strata. 

Structure of the Devonian Strata. The Devonian strata in the 
Appalachian Mountains, New England, Ouachita Mountains, and the 
mountains of western North America are usually more or less highly 
folded and often faulted. Elsewhere, as in western New York, the In¬ 
terior Lowland, south of Hudson Bay, and the Mackenzie River Basin, 
the Devonian strata have seldom been more than slightly deformed. 

Thickness of the Devonian System. In the northern Appa¬ 
lachian Mountains the Devonian system attains a maximum thickness of 
some 14,000 or 15,000 feet. In the southern .‘\ppalachians the thickness 
is usually less than 1000 feet. In New York state the system has a 
thickness of 4000 to 7000 feet. Over much of the upper Mississippi 



Fig. 77. A generalized geologic section showing the structure of Devonian strata 
(Hamilton and Catskill) and their relation to older (Silurian and Ordovician) 
and younger (Mississippian) formations in a part of the Appalachian Mountains 
in southeastern Pennsylvania. (From International Geological Congress Guide¬ 
book 7.) 

Valley the thickness is generally less than 1000 feet, though in eastern 
Ohio a thickness of fully 3000 feet is reached, 2600 feet of this being 
Upper Devonian shales practically equivalent to the Portage and Che¬ 
mung beds of the east. In Nevada the system appears to show 6000 feet 
of limestone and shale. In Utah the system reaches a thickness of about 
5000 feet. 

Igneous and Metamorphic Rocks. Both plutonic and volcanic 
rocks of Devonian age occur in large quantities in parts of New England, 
New Brunswick, Nova Scotia, and southeastern Quebec. Devonian 
volcanic rocks occur in southern Alaska, western British Columbia, and 
northern California. 

In parts of New England and north to the Gulf of St. Lawrence, 
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and also in some places in the mountains of western North America, 
Devonian strata have been more or less metamorphosed. 

Physical History 

Early Devonian. In earliest Devonian (Helderberg) time most 
of North America appears to have been dry land. Inspection of the 



Fig. 78. Generalized paleogeographic map showing sea and land areas in North 
America during Early Devonian time. White areas, land; ruled areas, sea. 


paleogeographic map (Fig. 78) of that time shows that marine waters 
occupied long, narrow areas in the east. One seaway extended from 
Newfoundland well into New England. The other extended from 
middle-eastern New York through the Appalachian region to Alabama, 
with an arm reaching westward into Oklahoma, and with a Gulf of 
Mexico connection. Because the formations are chiefly limestone, the 
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waters of this sea were clear and this implies no adjacent high lands, or 
at least no rapid erosion. Part of the Arctic Islands region was sub¬ 
merged. 

The Oriskany sea covered much of the same regions as the Helder- 
bergian, but it was somewhat more extensive in the east. The sharp 
change to deposition of coarse, clastic sediments (mostly sandstones) 
indicates considerable land rejuvenation, or much more rapid erosion, or 
both. The sediments are of distinctly shallow-water character, and the 
fossils show the fauna to have been suited to such conditions. The 
fossils are remarkably similar to those of the same age (Coblenzian) in 
Europe from which region they appear to have migrated. “The evidence 
then is fairly conclusive that during the period represented by the 
Coblenzian Oriskany, the arenaceous epicontinental sediment was the 
ground traversed by the Coblenz fauna westward along the North 
Atlantic continent” (J. M. Clarke). In other words, there must have 
been a land connection between Europe and North America. 

During late Early Devonian (Onondagan) time in eastern North 
America, the sea must have been mostly clear, shallow, and compara¬ 
tively warm as indicated by the widespread accumulation of coralline 
limestone. Evidently there were no rapidly eroding lands. 

Middle Devonian. An outstanding feature of North American 
Devonian history was the more or less steady advance of marine waters 
from the beginning of the period to beyond the middle. This marine 
invasion, first in the east and then in the west, reached a grand climax in 
Middle Devonian (or Hamilton) time when fully 40 per cent of the 
continent was submerged as indicated by Figure 79. This was one 
of the five or six greatest known floods in the history of North America. 

Middle Devonian (Hamilton) time witnessed an interesting physical 
condition probably due to a very considerable rejuvenation of northern 
Appalachia, resulting in renewed erosion and deposition of vast quantities 
of muds in the eastern part of the interior sea. These muds are now 
hardened and called the Marcellus and Hamilton shales. Farther 
westward in the Mississippi Basin, however, much limestone still formed 
in the clearer sea. 

Late Devonian. Sea. The great sea which was so extensive in 
the late Middle Devonian continued to cover nearly the same areas in 
early Late Devonian time. Then the sea began to retire from the land, 
first from the east and finally from the west, leaving the whole continent^ 
with little possible exception, dry land at the close of the period. 
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Catskill Delta. In southeastern New York and eastern Pennsyl¬ 
vania there was a tremendous accumulation of sands together with some 
muds during Late Devonian time. Now consolidated, these sediments 
comprise the Catskill formation which was deposited partly under 
brackish water and partly as alluvial fan (or fluviatile) material. The 



Fig. 79. Generalized paleogeographic map showing sea and land areas in North 
America during Middle and early Late Devonian times. This was the greatest 
Devonian sea. White areas, land; ruled areas, sea. The top of the Cordilleran 
geanticline was above water in Nevada and adjacent regions. 

formation reaches a thickness of 3000 feet in New York and 10,000 feet 
or more in Pennsylvania. The prevailing color is gray and red to reddish 
brown, and its few fossils are non-marine forms. In western New York 
and western Pennsylvania the Catskill grades into several finer grained 
clastic and limy formations whose total thickness steadily diminishes 
westward. Quite clearly this formation is largely a great delta deposit 
{Catskill delta) built westward into the shallow interior sea. A large 
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river, or possibly several rivers, from rejuvenated Appalachia supplied 
the sediment. 

Volcanic activity. Devonian volcanoes were active on the Pacific 
Coast, particularly in southern Alaska, western British Columbia, and 
northwestern California. Devonian lava flows and tuffs, often of great 
thickness, prove that much volcanic activity also took place in northern 
New England, New Brunswick, Nova Scotia, and southeastern Quebec. 

Acadian Revolution. During the second half of the Devonian 
period, mountain-making took place along the Atlantic Coast from 
Newfoundland to Virginia. The evidence for this orogeny is best seen 
in New Hampshire, Maine, and northward through the Gulf of St. 
Lawrence region where earlier Devonian and still older strata are much 
folded and intruded by plutonic rocks. The elevation of the mountains 
so affected the northern part of the Appalachian geosyncline that, with 
slight exception, sea water never again entered the area. Much of Ap¬ 
palachia was also elevated at this time. This orogenic disturbance has 
been called the Acadian Revolution, named from the so-called Acadian 
region. The movement of folding and uplift, accompanied by igneous 
activity (both plutonic and volcanic), began in late Middle Devonian 
time and reached a climax near the close of the period. Succeeding 
Mississippian strata rest unconformably upon the variably metamor¬ 
phosed, upturned, and eroded Devonian rocks of the region. 

The rise of the Acadian Mountains no doubt so rejuvenated and 
enlarged northern Appalachia that a large river, or several rivers, from 
it carried the sediment for the great Catskill delta. The tremendous 
quantity of clastic sediment deposited in the northern part of the 
Appalachian geosyncline during Late Devonian time shows that Appa¬ 
lachia, the source of the sediment, must have been at least 200 to 300 
miles wide, and thousands of feet high. 

Paleozoic Geosynclines 

Cordilleran Geosyncline. For many years a great, slowly sub¬ 
siding trough, usually occupied by sea water during much of Paleozoic 
and Mesozoic times, and covering much of North America from the 
Rocky Mountain region westward, has been called the Cordilleran geo- 
syncline (Fig. 61). A long, generally persistent land mass, bounding 
the geosyncline on the west, has been called Cascadia, the eastern shore 
of which has usually been placed well within the continent. More 
recently Schofield (1940) and Eardley (1947) have presented evidence 
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for placing the eastern boundary of Cascadia on the western side of 
British Columbia. Eardley would also place the boundary of Cascadia 
considerably farther west in the United States. The paleogeographic 
maps in this book are revised in accordance with this newer evidence. 

According to Eardley, from Early Devonian to Permian time, a long 
narrow arch or geanticline divided the Cordilleran geosyncline into two 
important troughs—an eastern (or Rocky Mountain) and a western (or 
Pacific). This geanticline extended from southern Alaska, through 
British Columbia, and southward through middle Nevada into south¬ 
eastern California. It is doubtful if it existed in Early Paleozoic time. 
This arch may be called the Cordilleran geanticline (Fig. 8o) because it 
divided the great Cordilleran geosyncline into two parts lengthwise. ^ 
The top of this remarkably persistent geanticline was usually covered 
with shallow sea water in which deposition of sediments with only 
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Fig. 8o. Diaprammatic east-west section across the middle United States for Late 
Devonian time. Thick Cambrian, Ordovician, Silurian, and Early Devonian 
deposits already occupied the geosynclinal basins. More deposition was still to 
take place in both geosynclines during later Paleozoic time, and in the Cordil- 
Icran also during the Mesozoic era. 


moderate thicknesses took place. At times during the Paleozoic, how¬ 
ever, parts of the arch were above sea level and undergoing erosion, as for 
example in southern Nevada during the Devonian, Mississippian, and 
Permian. It was very largely exposed as a land area in Late Jurassic 
time (Fig. 182). 

Both the eastern (Rocky Mountain) and the western (Pacific) 
troughs slowly sank on either side of the geanticline while thick forma¬ 
tions accumulated in them. The eastern trough received marine sedi¬ 
ments almost entirely, while deposition of both marine and volcanic rocks 
went on almost continuously in the western trough, not only to the end of 
the Paleozoic era, but also well into the Mesozoic. The rocks of the 
W’estern trough are considerably metamorphosed, but those of the eastern 
trough are not. Eardley believes that Cascadia was a land of many ac¬ 
tive volcanoes whence came much of the volcanic material of the western 
trough. There is evidence that much submarine volcanic activity also 
occurred on the floor of the trough. 
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Generally speaking, and disregarding some relatively minor interrup¬ 


tions, strata—largely marine and in¬ 
cluding much limestone—piled up con¬ 
formably in the subsiding eastern 
trough of the Cordilleran geosyncline 
during Paleozoic time to thicknesses 
commonly ranging from 10,000 to 
30,000 feet (Fig. 81). Thicknesses 
equally great apply to the Paleozoic 
volcanic-sedimentary pile in the west¬ 
ern trough. 

Appalachian Geosyncline. This 
geosyncline (Figs. 61, 80) which lay 
just west of Appalachia was remark¬ 
ably persistent throughout its length 
during the first four Paleozoic periods, 
after which only its southern one-half 
continued. Barring minor oscillations, 
strata, largely of marine origin, piled 
up in the Appalachian geosyncline to 
a maximum thickness of fully 30,000 
feet. Nearly complete successions of 
formations, representing the Paleozoic 
systems, are shown in tabular form in 
the chapters dealing with the Paleozoic 
periods. 

Between the Appalachian geosyn¬ 
cline in the east and the Cordilleran 
geosyncline in the west, the great in¬ 
terior of the continent was, during 
most of Paleozoic time, a region of rela¬ 
tive stability (Fig. 80). In the shal¬ 
low, often extensive and more shifting 
seas of this region. Paleozoic sediments 
built up to a thickness far less than 
those of the subsiding geosynclines. 
Nearly always there were large and 



small land areas of low relief in the interior seas. 


Ouachita Geosyncline, Another, though much smaller, geosyn¬ 
cline may be called the Ouachita geosyncline. It extended east-west for 


Fic. 81. Columnar section showing the character and thickness of the formations, representing all of the seven pe¬ 
riods of the Paleozoic, in southeastern Idaho. This area, in the great Cordilleran geosyncline, was submerged dur¬ 
ing nearly all of the larger North American marine floods. Note the predominance of limestone. The total 
thickness of the formations is over 15,000 feet. (After G. R. Mansfield, U. S. Geological Survey.) 
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fully 250 miles from central Arkansas into southeastern Oklahoma. It 
was the site of the Ouachita and Arbuckle mountains. Cambrian to 
Early Pennsylvanian strata piled up almost continuously in this slowly 
subsiding trough to a thickness of 25,000 feet. Examination of the 
paleogeographic maps indicates that the sediments were carried into 
this trough by streams from the northeastern flank of Mexicoia, this local 
part of which has been called Uanoria. 

Climate 

The general distribution and character of the fossils, as for example 
the corals of the Onondaga sea, indicate rather mild and uniform climatic 
conditions. Possibly such red formations as the Catskill and the Euro¬ 
pean “Old Red Sandstone’' were formed under arid or semi-arid condi¬ 
tions. Glacial deposits indicate at least local glaciation in South Africa. 

Generally speaking, the great climatic zones of the present day were 
little in evidence during Devonian time. 

Devonian Life 

The Devonian period was remarkable for the evolution and deploy¬ 
ment of plants and vertebrate animals. Land plants, representing all 
important divisions excepting the true flowering plants (angiosperms) 
became abundant and varied. 

Among the primitive vertebrates, the ostracoderms culminated. 
Because fishes of all important classes, excepting the true bony class 
(teleosts), developed and became numerous, the Devonian period has 
been called the “Age of Fishes.” 

Also important was the beginning of amphibians from certain types 
of fishes. 

As usual all important divisions of invertebrate animals were 
abundantly represented. Brachiopods culminated in numbers and 
species, and spiders appeared. 

In Chapter XVIII a fuller discussion of Devonian life will be found. 

Economic Products 

Much oil and gas have been obtained from Devonian strata in the 
great Appalachian field. This oil is of excellent quality. In south¬ 
western New York, western Pennsylvania, and West Virginia the oil 
comes mostly from Upper Devonian sandstone, and in Kentucky from 
Middle Devonian limestone. Much gas comes from the Oriskany sand¬ 
stone. Lower Devonian limestone in Oklahoma yields oil. 
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An important source of glass sand in the northern Appalachian 
Mountain region is the white Oriskany sandstone consisting of nearly 
pure quartz grains. 

Devonian novaculite (chert) is used for grinding stones in Arkansas. 

Black phosphate deposits occur in Upper Devonian shales of central 
Tennessee. 

Devonian rocks are much used for building stone and for lime and 
cement manufacture in the eastern United States. 

European Devonian 

It may be said in general that the Devonian of Europe began with 
a progressive transgression of the sea, continuing until near the close 
of the period when much of the continent was submerged. 

In the southern British Isles there are thick marine strata containing 
much contemporaneous igneous rock (lava sheets), while in the northern 
portion occurs the famous “Old Red Sandstone’^ which is largely of con¬ 
tinental origin. This sandstone attains a phenomenal thickness of fully 
30,000 feet, of which 6000 feet are interbedded lavas and tuffs. Deposi¬ 
tion of the sandstone appears to have taken place, probably partly as 
delta and partly as wind-blown deposits, in basins or lagoons more or less 
cut off from the open sea, or at times in fresh-water lakes. Fossils are 
not abundant, but they constitute a remarkable assemblage of land, fresh 
water, and marine species scattered through various horizons. In many 
respects the “Old Red Sandstone” is much like the Chemung-Catskill 
formation of America. 

The typical marine strata of Germany also contain many beds of 
lava, thus indicating much igneous activity during the period. 

In west-central Europe much of the Devonian has been metamor¬ 
phosed. 

Typical marine limestones, shales, and sandstones were extensively 
deposited in Spain, France, Switzerland, much of Austria, and Russia, 
but with Lower Devonian mostly absent from Russia. Coralline lime¬ 
stones are prominent in the Alps. 



CHAPTER XV 


THE MISSISSIPPIAN PERIOD 

Introduction 

Formerly the Carboniferous period included all of what, in America 
at least, we now call the Mississippian, Pennsylvanian, and Permian 
periods. In Europe the term Carboniferous is still employed, though the 
Permian has been separated from it. The name “Carboniferous” was 
given about one hundred years ago because it was supposed that workable 
coal beds were almost, if not wholly, confined to that system. Although 
workable coal beds are known to occur in most later systems, neverthe¬ 
less what was long known as Carboniferous, particularly that portion now 
called Pennsylvanian, does contain the world’s greatest coal deposits. 

In North America a two-fold division of the Carboniferous is 
recognized—a Lower or Mississippian and an Upper or Pennsylvanian— 
not only because most of the coal is in the upper division, but also be¬ 
cause a rather widespread unconformity separates the two. The name 
Mississippian ’ was given because of important outcrops of its forma¬ 
tions in the eastern Mississippi Basin, especially along the river. 

General Distribution of the Rocks 

Figure 75 shows the surface (areal) distribution of the combined 
Devonian, Mississippian, and Pennsylvanian strata in North America, 
with Devonian strata occurring in most of these areas. 

In the western Cordilleran region, from southern California through 
Alaska, the Mississippian and Pennsylvanian systems have generally 
been less studied and not as satisfactorily separated as they have been in 
most of the United States. Notable metamorphism of the strata has 
made the problem of separation more difficult in the far west. A com¬ 
parison with the Devonian shows that the Mississippian has a very 
similar surface distribution in eastern North America, and that the 
Mississippian commonly borders the Devonian areas. This is because 

Devonian conditions gave way to Mississippian with no great interrup¬ 
tion of deposition. 
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A distribution feature of special importance as compared with the 
Ordovician, Silurian, and Devonian is the absence of outcropping Missis- 
sipian strata from all of the northern one-half of North America east of 
the Rocky Mountains, with the exceptions of parts of the Gulf of St. 
Lawrence and Arctic Islands regions. 

In the Appalachians, Rockies, and mountains still farther west, the 
outcropping strata usually form long and short, narrow belts because the 
rocks have been highly folded and only the eroded edges of upturned 
strata are visible. The eastern Mississippi Basin shows a different type 
of distribution because the rocks are there in nearly horizontal position 
and outcrop where the later (overlying) Paleozoic strata have been 
removed from them by erosion, or where later sediments were never 
deposited upon them. The character of the rocks and distribution of 
outcrops, supplemented by many deep well sections, proves that Missis- 
"ipian strata underlie most of the Mississippi Basin. 

Representative Divisions of the Mississippian System 

A good idea of the major divisions, with subdivisions in four widely 
separated regions, may be gained from Table 8. 

Description of the Rocks 

As in the case of other rock systems, so here only a few of the better 
known Mississippian series or formations will be described. 

Mississippian Rocks in the East. The Pocono sandstone, also 
including some conglomerate, shale, and thin beds of coal, extends from 
northern Pennsylvania to Virginia in the Appalachian district. Its 
thickness varies from about 2000 feet in Pennsylvania to about 100 feet 
in the south. As judged by numerous terrestrial fossils, the Pocono 
appears not to be a typical marine deposit. Just west of the Appalach¬ 
ians considerable shale is associated with the sandstone of this same 
age. In the Mississippi River states the Lower Mississippian is repre¬ 
sented by the marine Kinderhook and Osage series, which contain much 
limestone. Parts of the Burlington and Keokuk limestone divisions of 
the Osage series consist almost entirely of crinoidal remains, some of 
which are remarkably preserved (Fig. 126). Some of these crinoidal 

limestone beds are hundreds of feet thick. 

Lower Mississippian strata in southern Michigan are mostly sand¬ 
stones and shales (often red), with some interbedded salt and gypsum 

deposits. 

In the northern Appalachian district, the Mauch Chunk formation, 
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consisting mostly of red sandy shales, and in Maryland and West Vir¬ 
ginia the lower portion of the Mauch Chunk gives way to the Greenbrier 
limestone. The Mauch Chunk shows a maximum thickness of 3000 
feet in eastern Pennsylvania, but this diminishes notably to the north, 
west, and south. It is considered to be either a great flood-plain or a 
delta deposit. Farther west, in the Mississippi River states, the Upper 
Mississippian includes the Meramec and Chester series. These are made 
up almost wholly of limestone of very widespread extent. The Salem 
limestone in Indiana is the source of the well-known building stone called 
the “Bedford limestone.” Mammoth Cave, Kentucky, is in Upper 
Mississippian limestone. 

The Mississippian of Nova Scotia and New Brunswick has not been 

















Fic. 82. Paleozoic strata, about 2500 feel thick, resting by profound unconformity 
upon pre-Cambrian Archeozoic gneiss (PC). The strata include Middle and 
Upper Cambrian (C), Ordovician ( 0 ), Devonian (D), Mississippian (M). and 
Pennsylvanian (Pa, Pt). The great cliff-former toward the top is the Madison 
Umestone, nearly 1000 feet thick, containing many marine fossils. This geo¬ 
logic section forms a wall of the canyon at White Rock in the northwestern 
Wind River Mountains. Wyoming. (Photo by C. L. Baker, State Geological 

Survey of South Dakota.) 

so carefully subdivided, but it is largely conglomerate, sandstone, shale, 
Red Beds, and gypsum capped with some marine limestone. Its thick¬ 
ness reaches 5000 feet. Most of these deposits are of continental origin 
and similar to the Pocono and Mauch Chunk formations of the Appa- 

lachian region. 

Mississippian Rocks in the West. This system is very widely 
distributed in the west as proved by the numerous exposures, but it has 
not been as carefully studied and subdivided as in the east. Throughout 
the system, which is commonly several thousand feet thick, limestone 
greatly predominates. A very widespread formation m the Rocky 
Mountains is the Madison limestone which reaches a thickness of 1600 
feet (Fig. 83). The Brazer limestone, several thousand feet thick, rests 

upon the Madison by unconformity. 

The nearly horizontal Redwall limestone outcrops in the sides of the 

Grand Canyon of Arizona for many miles in the form of a cliff 500 feet 

high, and is stained bright red. ^ 

The Calaveras group in the Sierra Nevada Range probably includes 

the whole Mississippian system. Formational divisions are shown in 
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Table 8. This group consists of a great thickness of metamorphosed 
sandstones, shales, and limestones with much interbedded metavolcanic 
material. Similar rocks occur in the desert areas of southern California, 
in western British Columbia, and in southeastern Alaska (Figs. 84, 86). 

Structure of the Mississippian Rocks. Mississippian strata in 
the Appalachian region, the Gulf of St. Lawrence region, the Ouachita 
Mountains, and the mountains of western North America are usually 
more or less highly folded and often faulted. 



Fig. 83. A mountain of strongly tilted Lower Mississippian (Madison) limestone. 

About four miles south of Livingston, Montana. 


In the great Interior Lowland, the widely occurring Mississippian 
strata are only slightly deformed or disturbed from their original hori¬ 
zontal position. 

Thickness of the Mississippian. The Mississippian system 
in eastern North America ranges in thickness from about 5000 feet 
in eastern Pennsylvania to only some hundreds of feet in the western part 
of the same state. In the Mississippi River states the maximum thick¬ 
ness is 2500 feet, though it is generally less than 1000 feet. The Ouach¬ 
ita Mountains contain shales and limestones about 2 miles thick. In 
the western part of the continent thicknesses of several thousand feet 
(maximum over 5000 feet) have been observed at several places, while 
in other localities, as in the Black Hills and parts of Colorado, it meas- 
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ures only a few hundred feet thick. A thickness of 500 feet of limestone 
(Redwall) occurs in the Grand Canyon of Arizona. 


Igneous and Metamorphic Rocks. Mississippian volcanic rocks 
are widespread in western British Columbia and southern Alaska where 
they are commonly interbedded with limestones (Fig. 86). They also 



Fig. 84. An outcrop of metasedimentary mica schist of probable Mississippian 
(Calaveras) age. The foliation shows a very steep dip. Five miles southwest 

of Weldon in the southern Sierra Nevada. 


occur in the Klamath Mountains, Sierra Nevada, southern California, 

and in the Ouachita Mountains of Oklahoma. 

The Mississippian sedimentary-volcanic rocks of the Pacific Coast, 

from southern California to southern Alaska, are notably metamorphosed 
as already mentioned. 

Physical History 

Earlier Mississippian. The continent was nearly all land at the 
opening of the Mississippian period. Disregarding certain minor shi t- 
ings of the sea, the great event of Early Mississippian time was an in¬ 
creasing expansion of the sea over the land until late Ear y i ississippian 
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(Osage) time when fully one-third of the continent was submerged. 
Figure 85 shows the general relations of land and water of that time. 
Much of the area of the United States was covered by an unbroken ex¬ 
panse of shallow-sea water with wide connections with the Pacific and 
Arctic Oceans and the Gulf of Mexico. Canadia was very large and con- 



Fic. 85. Generalized paleogeographic map showing sea and land areas during the 
latter part of Early Missbsippian (Osage) time. This was the greatest Missis- 
sippian sea. White areas, land; ruled areas, sea; dotted ruled areas, partly 
marine and partly non-marine. 

nected with Appalachia across New England. Cascadia and Mexicoia 
were well-defined as such. 

During Early Mississippian time coarse clastic sediment (Pocono 
sandstone) was deposited, under delta-like conditions, along the western 
side of Appalachia (Fig. 85); “Red Beds,” with interbedded salt and 
gypsum, formed in lagoons in the Michigan region; non-marine sediments 
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accumulated in a basin in the Gulf of St. Lawrence region (I'ig. S5); 
highly fossiliferous limestone (Rinderhook and Osage), accumulated in 
the great sea of the Mississippi Valley area; while the widespread, thick 
Madison limestone accumulated in the Rocky Mountain region; and part 
of the muds, sands, and limy materials of the now metamorphosed C ala- 
veras formation were laid down in eastern t alifornia, and similar mate¬ 
rials in western British Columbia and southern Alaska. 



Fig. 86 An outcrop of Late Paleozoic (probably Mississippian), highly foliated 
schistose metatuff representing part of a much altered, thick deposit ol original 
volcanic dust. The foliation has a nearly vertical dip. Near \ictorville, Cali¬ 


fornia. 

Later Mississippian. After the deposition of the Meramec lime- 
stones in continued widespread interior seas, there was a very consider¬ 
able withdrawal of the sea. By middle Late Mississippian time, the 
widespread interior sea was gone, as well as that over most of the Rocky 
Mountain region. This left only narrow seaways over parts of the 
Pacific and Atlantic sides, and across the southern United States, with 
a prominent bay reaching from southern California to western Wyoming 

and western Montana. 
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In the northern Appalachian region, during Late Mississippian time, 
vast quantities of sands and muds were deposited along the western side 
of Appalachia. These non*marine sediments were deposited largely un¬ 
der delta conditions. Conditions were there locally right for dense vege¬ 
tation as proved by some coal beds in the Mauch Chunk. Appalachia, 
the source of this great pile of clastic sediments, must have stood high. 

The Brazer limestone and upper Calaveras beds were laid down in the 
western arm of the Pacific which reached from southern California into 
western Montana. 

More Red Beds, with associated salt and gypsum, continued to ac¬ 
cumulate in southern Michigan lagoons, and in Nova Scotia and New 
Brunswick followed by a small marine invasion in the two last named 
regions. 

There was great volcanic activity during Mississippian time on the 
Pacific Coast from southern California to southern Alaska. 

During Mississippian time, the Cordilleran geanticline, described in 
the last chapter, continued to divide the Cordilleran geosyncline into a 
western marine-volcanic trough and an eastern marine trough. 

Close of the Mississippian (Ouachita Disturbance). The al¬ 
most complete emergence of the continent at the close of the period was 
brought about largely without folding or tilting of the strata. In cer¬ 
tain regions, however, there were actual mountain-making movements, 
though not on a large scale. Thus, a nearly east-west zone through 
Arkansas and Oklahoma, where a thick body of strata accumulated in 
the Ouachita geosyncline during five periods of the Paleozoic, was sub¬ 
jected to pressure, somewhat folded, and uplifted. This involved the 
Ouachita and Wichita Mountain regions of Arkansas and Oklahoma, and 
hence has been called the Ouachita Disturbance. The same region was 
much more profoundly folded and elevated in the midst of the next 
(Pennsylvania) period, when the real Ouachita Revolution occurred. 

In parts of the Gulf of St. Lawrence region, the Mississippian and 
older rocks were more or less folded and elevated as proved by the fact 
that Early Pennsylvanian strata there rest upon upturned, eroded edges 
of Mississippian rocks. This is the same general region which was in¬ 
volved in the Late Devonian (or Acadian) orogeny. Also there was a 
general rejuvenation of Appalachia from eastern Pennsylvania southward 
as proved by the fact that the great Early Pennsylvanian (Pottsville) de¬ 
posit of coarse, clastic sediment was derived from a newly uplifted high¬ 
land region (Appalachia) just to the east. In short, there was more or 
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less elevation, in part accompanied by upturning of strata from New¬ 
foundland to Alabama and thence westward through the Ouachita region 
into Oklahoma. The rest of the continent was elevated, but usually 
with little or no deformation of the rocks. 



Fig. 87. Sketch of a mountain range along Skolai Creek, Alaska, 

lava beds resting upon deeply eroded tilted limestones and lavas of^ate Paleo¬ 
zoic (probably Mississippian) age. The present 

by erosion since the Tertiary lavas flowed out. (After U. S. Geological S y.) 


The surface of the almost wholly emergent continent was nearly 
everywhere considerably eroded, and so the Mississippian and Pennsyl¬ 
vanian systems are usually separated by a widespread uncon ormi y. 


Climate 

As for the earlier Paleozoic periods, the character and distribution of 
iJississippian fossils rather clearly prove absence of wel -defined cl.matic 
rones like those of today. A generally mild, uniform chmate appears o 
have prevailed. Salt and gypsum beds more or less assoc.ated ^^nth 
“Red Beds” point to arid climate in Michigan, Montana, Nova Scotia, 
and New Brunswick, but these were probably local conditions. 


Mississippian Life 

Both plant and animal life of the Mississippian period were much 
like the Devonian, with no great evolutionary changes toward mo''® 
plex forms. Graptolites became extinct; crinoids ( 
nated in species and numbers; coiled cephalopo s ecame mor 
in partition structures; trilobites were rare; and ganoid fishes increased 

in relative importance. 
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A fuller discussion of Mississippian life may be found in Chapter 

XVIII. 


Economic Products 

Considerable quantities of petroleum (oil) have been obtained from 
Mississippian strata in the Mid-continent, Illinois, and Appalachian 
fields. Some gas comes from the Chester sandstone of Illinois. 

Some coal is obtained from the Pocono sandstone formation of West 
Virginia. 

Building stones of Mississippian age are much quarried, especially 

the Berea sandstone of Ohio and the oolitic so-called Bedford (Salem) 

limestone of Indiana, both of which are very widely used in the United 
States. 

Vast quantities of salt are produced by pumping out and evaporating 

the natural brines from the Mississippian sandstones of Michigan, and 

smaller quantites from the sandstones, or limestones of Ohio, West Vir¬ 
ginia, and Virginia. 

Important zinc-ore deposits occur in the Mississippian limestones in 
the Joplin district of Missouri and Oklahoma, but the deposition of the 
ore was post-Mississippian. 

European Mississippian 

As in North America, there was considerable encroachment of the 
sea so that much of the non-marine ‘‘Old Red Sandstone” became cov- 
vered with true marine sediments. In western Europe limestone pre¬ 
dominates. Marine waters, mostly free from land-derived sediments, 
extended from the western British Isles to central Germany. In these 
waters there lived vast numbers of organisms such as crinoids, corals, 
etc., the remains of which accumulated to build a great mass of limestone 
said to attain a thickness of 6000 feet in England, and over 2000 feet in 
Belgium. Farther eastward, in central Europe, shales and sandstones 
were laid down. In Scotland and southern England also shallow water 
deposits were formed. Throughout much of central, southern, and east¬ 
ern Russia, chiefly non-marine materials were deposited as proved by the 
many coal beds and associated deposits. The rocks of Mississippian age 
in southern Europe are much like those of central Europe, and also the 
similarity of fossils shows that northern and southern Europe were not 
separate provinces as during most of earlier Paleozoic time. 

Important crustal disturbances marked the close of the period in 
western Europe. As a result of folding of the rocks, mountains were 
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formed from northeastern France to eastern Germany. This is regarded 
as an early phase of the so-called Variscan Revolution which, during 
later Paleozoic time, resulted in important mountain-making from the 
southern British Isles to eastern Germany, and to southeastern and 
northwestern France. Accompanying this deformation there were abun¬ 
dant intrusions and extrusions of igneous rocks. In many other parts 
of Europe there were relative changes of level between land and sea 
without much disturbance of strata. 



CHAPTER XVI 


THE PENNSYLVANIAN PERIOD 

Introduction 

As STATED in the preceding chapter, the Pennsylvanian system repre¬ 
sents a part of what was formerly known as the Carboniferous system in 
America. In other continents, strata equivaelnt to the Pennsylvanian 
are usually called Upper Carboniferous. Rocks of Pennsylvanian age 
include the Coal Measures proper of the old Carboniferous, and they 
contain a far greater supply of workable coal than the rocks of any other 
system. The name has been given because of the excellent development 
of the system with its coal in Pennsylvania. In the following discussion 
particular attention is given to the important coal-bearing formations. 

General Distribution of the Rocks 

The accompanying map (Fig. 88) shows the surface distribution of 
the Pennsylvanian strata in eastern North America. Why are the out¬ 
cropping areas of the Pennsylvanian system, in the Appalachian and 
Mississippi Valley regions, distinctly larger than those of any older Pale¬ 
ozoic system? The reason for such difference is not far to seek. For 
instance Ordovician rocks are actually more widespread than the Penn¬ 
sylvanian, but they are largely concealed under later rocks, while the 
Pennsylvanian rocks were never extensively covered by later deposits 
(except Glacial drift and to a small extent by Permian strata in the 
Appalachian district). Shortly after their deposition, toward the close 
of the Paleozoic, the region was elevated and has remained a land area 
ever since. Post-Paleozoic erosion has been sufficient to remove much 
of the Permian and some of the Pennsylvanian, though large areas of the 
latter rocks still remain as shown on the accompanying map (Fig. 88). 

Pennsylvanian rocks occur in numerous areas in western North 
America from northern Mexico to central Alaska, particularly in the 
western interior of the United States. These all occur within the sea- 
covered areas shown in Figures 94 and 95. 
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Fig. 88 . Map showing principal areas of outcrops (surface distribution) of Penn- 

sylvanian strata in eastern North America. 

Representative Divisions of the Pennsylvanian System 

The major divisions, and subdivisions in four important, widely sep- 
arated areas, are shown in Table 9. 


Description of the Rocks 

Pennsylvanian Strata in the East. Rocks comprising this sys¬ 
tem in the eastern part of North America are partly of marine and partly 
of non-marine origin with the latter (including coal) unusually promi- 

nently developed. ... . , j -u 

The following extracts from a paper by D. hite concisely describe 

the Pennsylvanian rocks of the Appalachian province (also see Fig. 90 ^ 
“The Pottsville, like the succeeding formations, is composed of santi- 
stones, shales, and clays (including fire clays, coals, and limestones), 
but it contains a larger proportion of sandstones and arenaceous shales 
than the later formations. ... The Pottsville is thickest in the south¬ 
ern exposures, where, near the eastern outcrops, it probably exceeds 7500 
feet. In the northwestern bituminous area ... it measures locally 
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less than 200 feet. . . . The Pottsville contains all the workable coals 
south of the Kentucky-Tennessee state line. 

“The Allegheny, next succeeding the Pottsville, is a thin formation 
characterized by a larger proportion of coal, shale, limestone, and iron 
ore. In the bituminous districts . . . the Allegheny ranges generally 



TABLE 9 

between 250 and 350 feet in thickness near the northern outcrop, though 
it thins southwestward to 160 feet in northeastern Kentucky. 

“The Conemaugh (maximum thickness, 900 feet), which succeeds 
the Allegheny, is generally marked at its base by sandstone or con¬ 
glomerate. It is especially characterized by sandstones, shales, and 
limestones, intermingled, particularly in the western area, with red and 
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green shales, clays, and sandstones. U contains less coal than any of 
the other Pennsylvanian formations 
of the Appalachian trough. 

“The Monongahda is distin¬ 
guished by its relatively large pro¬ 
portion of coal and limestone, the lat¬ 
ter composing over one-third in some 
districts. The formation . . . aver¬ 
ages about 325 feet or less in thick¬ 
ness. Its coals, including the great 
Pittsburgh coal at its base, are of 
notable thickness and value.” 

The famous Pittsburgh coal bed 
lies at the base of the Monongahela, 
and the important Kittanning coal 
bed lies at the top of the Allegheny 
in western Pennsylvania and W est 
Virginia (Fig. 90)- The famous 
Mammoth bed is anthracite coal in 
northeastern Pennsylvania. 

The four distinct subdivisions of 
the system above described are gen¬ 
erally recognized in the western in¬ 
terior lowland, but various local 
names are there given to the subdivi¬ 
sions of the system which is usually 
thinner and less arenaceous than in 
the Appalachian district. The gen¬ 
eral terms Des Alotnes series and 
Missouri series there correspond to 
the Allegheny and Conemaugh- 
Monongahela, respectively, as shown 
in Table 9. 

Some areas of Pennsylvanian met¬ 
amorphosed sedimentary rocks, to¬ 
gether with some graphitic coal, 
occur in Rhode Island and eastern 

strata of this age, largely shales and sandstones of non_ 
marine origin, attain a thickness of thousands of feet m New Brunsw.ck 

and Nova Scotia. 
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System Kind of Rock 


4.2 

S cv 

s- 

in 


Dunkard 

sandstone, 
limestone 
and coal 


Monongahela 

. shale, sand¬ 
stone, lime- 
s tone and coal 


Conemaugh 
shale, 
sandstone 
and little 
coal 


Allegheny 

shale, sand¬ 
stone and coal 


Pottsville 

sandstone 
and some coal 

I 

Mauch Chunk 

shale, sandstone 
and limestone 


Columnar 

section 


Thickness 
in feet 



300 + 



310 

to 

400 



600 



280 



150 


150 


90^ Geologic (columnar) section in western Pennsylvania showing the vertical distribution of coal beds (heavy black bands) 
and their relations to associated straU. Of special importance are the Pittsburgh and Kittanning coal beds at the base of the 
Monongahela and Allegheny, respectively. In other Appalachian districts, the distribution of coal beds in the Pennsylvanian 
system may vary considerably from this section. (After U. S. Geological Survey ) 
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In the midst of the Mississippi Basin, especially from Indiana west¬ 
ward to eastern Nebraska and thence southward into Texas, alternating, 
continental, coal-bearing, and marine strata occur. Not only are these 
strata as a rule thicker, but also they are more generally of marine origin, 
than the Pennsylvanian strata of the Appalachian region. Sandstones 
and shales of this age are phenomenally developed with a thickness o 

several miles in Arkansas and Oklahoma. 


Pennsylvanian Strata in the West. In the Rocky Mountains 
and westward in the United States, the Pennsylvanian rocks are very 



Fig. 91. A mountain of Pennsylvanian (?) 
beds show a thickness of fully 2000 feet. 

California. 


marine limestone. The nearly vertical 
Southern part of Panamint Mountains, 


limestones, and some metamorp thprp i*; little coal of 

the rocks M the system in eastern f 

this age in the west. °““ 7 dato^he^^^^ thick Oquinh limestone- 

stone formation of southeast ^ 

quartzite formation of nort Mountain 

syp.™ »»• 

Te«. i. = ~-'y y-p'- j'S 

represented by the Lampasas. Strata. Canyon, and Oreo series 

(Table 9)- 



Fio. 92. Gateway to the Garden ot the Gods, Colorado, with Pikes Peak in the 
distance. The bold outcrop of the gateway (dark) is red sandstone; the steep 
white exposure, extending from middle to right, is sandstone; and the low 
white ridge, extending from middle foreground to right, is gypsum. All of these 
show very steep dip. (Photo by N. H. Darton, U. S. Geological Survey.) 


Structure of the Pennsylvanian Rocks. In the Appalachian 
Mountains (Fig. 89), the northern Ouachita Mountains, the Gulf of 
St. Lawrence region, southeastern New England, and the mountains of 
the west (Fig. 91), the Pennsylvanian strata are usually strongly folded 
or tilted, and often faulted. In the great Mississippi Basin, between the 
Appalachian and Rocky Mountains, the strata of the system for most 
part lie in almost horizontal position not far above their place of origin. 
In the Colorado plateau, the system is nearly horizontal, but it is there 
usually high above sea level (Fig. 96). 

Thickness of the Pennsylvanian. In the Appalachian district, 
the system ranges in thickness from about 1500 feet to approximately 
10,000 feet. A maximum thickness of 13,000 feet is known in Nova 
Scotia. Through the Mississippi Basin the thickness is usually not more 
than 1000 to 2000 feet, though in Arkansas a thickness of over 15,000 
feet has been found. In the western United States the thickness varies 
much, though it is often at least several thousand feet. The nearly com¬ 
plete system in central Texas is over 5000 feet thick. 

Igneous and Metamorphic Rocks. Plutonic rocks definitely 
known to be of Pennsylvanian age are practically absent from North 
America. On the Pacific Coast, volcanic rocks, occurring in both the 
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Mississippian and Permian systems, are tmt def.nitely known in the 

‘’^"SS^etamorphosed Pennsyivanian str.a occur in southeastern 
New England and locally in the mountams of the west. 

Physical History 

sea, but als y nkregardint^ relatively minor oscillations of 

rir."::;., •• -■« 

^ j A tar Hiirin® Pennsylvanian time was progressive sub 
me"gence M aTonsIderable portion of the continent, beginning in the ea.st 

and spreading westward and 

As mentione ^n^ercence of nearly all of the submerged areas 

L"tstrrfNonh America. Very early in the Pennsylvanian the sea be- 

The mtsville sandstones and conglomerates, derived by erosion from 
a l.hL immediately to the east, were deposited to great thickness 
in'^this estuary and it is thus readily seen why the Pottsville should he 
thickest on the’ east side. Gradually the early Pottsville basin of depo¬ 
sition expanded and extended over much of the interior region contain¬ 
ing Pennsylvanian coal, through central Texas, and westward across 
northern Mexico to the Pacific Ocean. There was probably a narrow 
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eastern connection with the Gulf of Mexico. The marine waters, par¬ 
ticularly in the east, were often intermittent with low swampy lands with 
conditions favorable for growth and accumulation of considerable plant 
material later to become coal. 


Middle Pennsylvanian. The relations of land and sea much as 
just described continued into Early Allegheny time when there were great 
accumulations of plant material which later became coal. The sea then 
gradually expanded to Early Conemaugh time. This was the greatest 
Pennsylvanian sea, and it covered nearly one-third of the continent (Fig. 
94). This sea swept from the Appalachian region westward over much 



Fic. 94. Generalized paleogeographic map showing sea and land areas in North 
America during Middle Pennsylvanian time. This was the greatest Pennsyl¬ 
vanian sea. White areas, land; ruled areas, sea; dotted ruled areas, mainly 
non-marine; dotted areas, non-marine. Coal-producing plants thrived in the 
dotted areas. 











THE PENNSYLVANIAN PERIOD 


181 


of the United States to Cascadia, with a Pacific connection through 
southern California, and a marine connection with the Gulf of Mexico 
through northeastern Mexico. An eastern marine passageway to the 
Gulf of Mexico is doubtful. Coal-producing land plants thrived from 
time to time in the east, but true marine conditions prevailed in the 
western part of the continent. That a large island existed in northern 
Arizona is proved by the absence of Pennsylvanian strata between the 
Mississippian and Permian, as for example in the Grand Canyon. Simi¬ 
larly a large island, or several islands, extended across Colorado and into 

the northern border of Texas (Fig. 94). 

Non-marine sediments, rich in plant remains, were deposited in the 
Gulf of St. Lawrence and eastern New England regions (Fig. 94). 



Fio. 95. Generalized paleopeographic map showing sea and land areas in North 
America during Late Pennsylvanian time. White areas, land; ruled areas, sea; 
dotted ruled areas, mainly non-marine; dotted areas, non-marine. Coal-pro¬ 
ducing plants thrived in the dotted areas. 








Fk.. g6. A fine large-scale exposure of horizontal Pennsylvanian strata with Permian 
(?) at and near the top of the pile which is fully 1,000 feet thick. An en¬ 
trenched meander of the San Juan River in southeastern Utah, (Photo by 
courtesy of the U. S. National Park Service.) 

Late Pennsylvanian. The latter part of the period (Monongahela 
time) was marked by a notable restriction of the sea as shown by Figure 
95. In the eastern United States marine, lacustrine, and marsh and bog 
conditions alternated in most of the basin of deposition. The conditions 
favored prolific and extensive plant growths which later developed into 
several important coal beds, including the Pittsburgh bed. 

In the Gulf of St. Lawrence and eastern New England regions, non¬ 
marine sediments and vegetable material continued to be deposited. 

The Late Pennsylvanian sea withdrew almost entirely by the end 
of the period, thus leaving the continent practically all land. 

Geosynclines. The northern (Canadian) one-half of the Cordil- 
leran geosyncline probably did not exist during the Pennsylvanian period 
as indicated by the absence of known strata of this age in this region. 
More or less of the time, during each of the five preceding Paleozoic pe¬ 
riods, marine waters had occupied this part of the geosyncline. During 
several succeeding periods, the old conditions were at least partly re¬ 
stored. 
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With slight exception, marine water did not enter the northern one- 
half of the Appalachian geosynclinal area during Mississippian, Penn¬ 
sylvanian, or Permian times, but considerable non-marine deposition did 
occur there. 

The Ouachita geosynclinal basin continued to Late Pennsylvanian 
time when the Ouachita Revolution caused its disappearance. 

Origin of the Coal Beds. Since the remarkable physical geogra¬ 
phy conditions of Pennsylvanian time favored the accumulation of the 
world’s greatest coal beds, they deserve more detailed discussion. 
“Perhaps the most perfect resemblance to coal-forming conditions is that 
now found in the Dismal Swamp of Virginia and North Carolina, or the 
Great Sumatra Swamp. In the former the area is very level, though 
with slight depressions in which there is either standing water or swamp 
conditions. Indeed, there is such a general interference with free drain¬ 
age that the swamp areas are extensive, and vegetable accumulations are 
taking place, a thickness of 8 to 12 feet of peat having formed. There 
is, moreover, a general absence of sediment. In the latter (Sumatra) 
swamp, which covers more than 80,000 hectares (308.8 square miles) 
there is being deposited a high-grade peat reaching a depth of 9 meters, 
and having only 6.39 per cent ash in the dry fuel. If either or these 
areas were submerged beneath the sea, the vegetable remains would be 
buried and a further step made toward the formation of a coal bed. Re¬ 
elevation, making a coastal plain, would permit the accumulation of 
another coal (or peat) bed above the first, and this process might be 
continued again and again.”' 

It is, however, not necessary to assume repeated elevation and sub¬ 
sidence of swamp areas in order to account for numerous coal beds one 
above another in a given region. A general subsidence, often intermit¬ 
tent (with possibly some upward movements), would occasionally cause 
the luxuriant vegetation of a great swamp area to be killed and allow 
the deposition of sediment over the site. Then the filling of the shallow 
water with sediment would allow another bog to be formed, etc. 

Interbedding of marine strata with coal beds, and the occurrence of 
brackish-water shells in some strata directly associated with coal beds, 
indicate that the Pennsylvanian peat deposits, which later became coal, 
accumulated near sea level. 

In the coal field of Nova Scotia there are 76 distinct coal beds; in 
Alabama 35; in Pennsylvania at least 20; and in Illinois 9. Each of 

‘ H. Ries: Economic Geology, 1930, pp. 12-13. 
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these coal beds represents an ancient swamp in which grew a luxuriant 
vegetation. It should be borne in mind that workable coal seams con¬ 
stitute only about 2 per cent of the containing strata which are sand¬ 
stones, shales, clays, and, in some localities, limestones. 

Under conditions, such as those above outlined, the vegetable matter 
undergoes slow biochemical change in which bacteria are believed to play 
an important role. This process is different from decomposition of plant 



Fio. 97. Horizontal Pennsylvanian strata with a bed of bituminous coal shown 
across middle of picture. Near Vestaburg, southeastern Pennsylvania. (Photo 
by U. S. Bureau of Mines.) 


remains where fully exposed to the air on dry land. The change from 
plant matter is through peat, lignite, and bituminous coal to anthracite 
coal. The vegetable matter consists mainly of carbon, hydrogen, and 
oxygen, and is known as a hydrocarbon. As the chemical change takes 
place, relatively much more hydrogen and oxygen disappear than carbon. 
Thus anthracite coal is higher in carbon content than bituminous coal, 
and that in turn contains much more carbon than peat. The resulting 
product is of course compressed by weight of overlying strata. The 
anthracite coal beds occur in folded strata where they were subjected to 
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strong compressive force accompanied by fracturing of the strata and 
thus permitting freer escape of gases and more thorough oxidation. Mi¬ 
croscopic study reveals plant remains in coal, and many fossil plants 
occur in shale beds closely associated with coal beds. 

Perhaps no single coal bed in the world underlies such a large area 
(12,000 to 15,000 square miles) as the famous Pittsburgh bed in western 
Pennsylvania, northern West Virginia, and eastern Ohio. About one- 
half of its area is being worked, and for 2000 square miles it averages 
7 feet in thickness. It is 12 to 14 feet thick in the vicinity of Pittsburgh. 
Most of the swamps or bogs of Pennsylvanian time were much smaller 
than the one represented by this extensive coal bed. 

In the anthracite coal district of eastern Pennsylvania, the famous 
“Mammoth coal bed” is remarkable for its great thickness, usually 25 
to 50 feet or more. 

It may be of interest to estimate the length of time necessary for 
the accumulation of so many coal beds one above the other. A vigorous 
growth of vegetable matter on an acre has been estimated to produce 
the equivalent of 100 tons of dried organic matter per century. This 
amount compressed to the specific gravity (1.4) of coal would cover an 
acre less than two-thirds of an inch deep. Considering that four-fifths 
of the organic matter escapes as gases in the process of coal making, 
we find that it would take nearly 10,000 years to make one foot of 
coal. Now, since the total thickness of coal beds in the Pennsylvanian 
system is often from 100 to 250 feet, it is readily seen, on this basis, 
that the time necessary for the accumulation of the coal deposits was 
from 1,000,000 to 2,500,000 years. The duration of the Pennsylvanian 
period was of course much longer than that. It should be borne in mind, 
however, that time estimates, such as those just mentioned, are at best 
only rough approximations. 

Mountain Making. Ouachita Revolution. Mention has already 
been made of the Ouachita disturbance, toward the close of the Missis- 
sippian period, when the Ouachita Mountains region of Arkansas and 
Oklahoma was somewhat folded and elevated. However, the 25,000 
feet of Paleozoic strata, which piled up in this region (Ouachita geo¬ 
syncline), were subjected to a great compressive force during Late Penn¬ 
sylvanian time. The strata were then highly deformed, often with 
development of overturned folds and thrust faults as shown by Figure 
98. This was the real Ouachita Revolution which resulted in an impor¬ 
tant mountain range about 250 miles long, and with an east-west trend. 

The thick pile of Paleozoic sediments involved in this orogeny ac- 
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cumulated on the north side of the northeastern arm (Llanoria) of Mexi- 
coia. The Ouachita Revolution probably continued into the Permian 
period, and, if so, it was at least partly contemporaneous with the Appa¬ 
lachian Revolution which reached a climax toward the close of the Pale¬ 
ozoic era. 

Ancestral Rockies. The so-called Ancestral Rockies extended from 
northern Texas and New Mexico northwestward through Colorado. 
The fact that both the Pennsylvanian and Permian sediments flanking 
the area contain so much coarse land-derived material, ranging from 
coarse sandstone to boulder conglomerate, shows that the source area of 
these sediments must have been mountainous, and that it existed through¬ 
out most of Pennsylvanian and Permian times (Fig. 105). The region 
of the Ancestral Rockies was uplifted or rejuvenated more than once, 



Fig. q8. Structure section through part of the southern Ouachita Mountains, near 
Shady, Arkansas. 06/, Opc = Ordovician; 56, Sm = Silurian; Da = 
Devonian; and Cs = Late Mississippian. (After Miser and Purdue, U. S. 
Geological Survey.) 


with particularly pronounced uplifts in Early and Late Pennsylvanian 
times. 

The Marathon Disturbance. In the Marathon region of western 
Texas the Pennsylvanian and older strata were much folded and faulted 
toward the close of the Pennsylvanian period as proved by the fact that 
little deformed Permian strata there rest by unconformity upon highly 
deformed Pennsylvanian strata. This has been called the Marathon 
Disturbance. It took place along the middle-northern side of Mexicoia. 

Climate 

Many years ago the plant life of the great coal period was thought 
to imply a tropical, very moist, uniform climate. More careful study, 
however, clearly points to a warm-temperate, relatively humid, but re¬ 
markably uniform climate. Some of the criteria favoring this latter view 
may be stated as follows: The great size and height of the plants to- 
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gether with their frequent succulent nature and spongy leaves indicate 
luxuriant growth in a moist, mild climate; absence of annual rings of 
growth shows absence of distinct change of seasons; the presence of 
aerial roots, by analogy with similar modern plants, implies a moist and 
warm climate; the nearest present-day allies of the coal plants attain 
greatest growth in warm and humid climates; at present the greatest 
accumulations of vegetable matter in bogs and marshes take place in 
warm-temperate climates where decay is not too rapid and thus suggests 
a similar climate for the accumulation of the coal deposits; and the re¬ 
markable distribution of almost identical plant types in Pennsylvanian 
rocks from Arctic to tropical regions clearly shows a pronounced uni¬ 
formity of climate over the earth. 

Pennsylvanian Life 

An outstanding feature of Pennsylvanian life was the prolific growth 
of all important general kinds of plants, excepting the angiosperms. 
Their greatest development was in the widespread, swampy, lowland 
areas which occupied the coal-field regions, but many types also lived 
on the drier lands. 

Insects, represented only by primitive or low-order forms, made their 
first appearance. 

Amphibians culminated in size and variety, and amphibian-like rep¬ 
tiles evolved from them. 

Chapter XVIII contains a fuller account of Pennsylvanian life. 

Economic Products 

As already suggested, the principal economic product of Pennsyl¬ 
vanian age is coal, the richest and most extensive coal deposits in the 
world being of this age. Eastern North America, western Europe, and 
northern China contain the most important coal fields. The map (Fig. 
99) gives a general idea of the locations of the coal fields of the eastern 
United States. All the solid black areas east of the Rocky Mountains, 
excepting the very small ones in Virginia and North Carolina, repre¬ 
sent fields of Pennsylvanian coal. The areas largely underlain with 
beds of workable coal are as follows: (i) Anthracite field of eastern 
Pennsylvania—484 square miles; (2) Appalachian field from western 
Pennsylvania to Alabama—70,000 square miles; (3) Eastern Interior 
field in Indiana, Illinois, and Kentucky—50,000 square miles; (4) 
Northern Interior field in Michigan—11,000 square miles; (5) West¬ 
ern Interior field from Iowa to Oklahoma—72,000 square miles; (6) 
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Texas field—13,000 square miles; and (7) Nova Scotia-New Bruns¬ 
wick field—18,000 square miles. Thus in eastern North America a 
total of about 235,000 square miles is mostly underlain with workable 
coal of Pennsylvanian age. Considerable coal of this age also occurs 
in Alaska. In many of the areas listed, various coal beds occur at in¬ 
tervals one above another in the Pennsylvanian system (Fig. 90). 

Iron ores of some importance are found in the carbonate and oxide 
forms as bedded deposits in Pennsylvanian rocks. Such deposits were 



Fig. 99 . Map of the United States showing the principal coal fields. The lined 
areas represent lignitic coals. All solid black areas east of the Rocky Mountains, 
excepting the very small ones of Triassic age in Virginia and North Carolina, 
represent fields of Pennsylvanian coal. All coal in the western United States is 
Cretaceous and Tertiary. (Modified after U. S. Geological Survey.) 

formed by precipitation, in the marshes and swamps, of the iron brought 
down from the lands in soluble form. The principal deposits occur in 
western Pennsylvania, eastern Ohio, and northern West Virginia. 

Pennsylvanian rocks also yield much oil and gas especially in the 
Mid-continent field of Kansas, Oklahoma, and Texas, and in Ohio, 
Indiana, Illinois, and Kentucky. Some oil also occurs in rocks of this 
age in Wyoming, Utah, and New Mexico. 

Pennsylvanian limestone and shale are much used in making Port¬ 
land cement, and shale in the manufacture of ceramic products, in the 
eastern United States. 
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European Pennsylvanian 

Viewed in a broad way, the Pennsylvanian of Europe presents cer¬ 
tain interesting parallels with North America. Thus in Europe, sand¬ 
stone or conglomerate, corresponding to our Pottsville, often lies at the 
base of the system. Above this, in western Europe, are the Coal Meas¬ 
ures consisting of shales, sandstones, and some limestones together with 
numerous beds of coal, and in every way much like the Coal Measures of 
eastern North America. In eastern and southern Europe the rocks are 
largely true marine limestones and free from coal, though some coal does 
exist in southern Russia. 

Mountain-making which, during Late Mississippian time, involved 
parts of central and western Europe, including southeastern Ireland and 
England, parts of northern and southern France, and much of Germany, 
was renewed with considerable intensity during Late Pennsylvanian time. 
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THE PERMIAN PERIOD 
Introduction 

This period was so named by Murchison in 1841 because of the 
widespread development of rocks of this age in the Russian province of 
Perm. It is rather distinctly a transition period between the Paleozoic 
and Mesozoic eras. In both the eastern and western United States the 
Pennsylvanian and Permian strata are usually not sharply separated, 
while in the western interior region the Permian and Trissic strata 
are often much alike. Thus it is often difficult to definitely separate 
the Permian from the systems immediately above and below it. The 
scarcity or absence of fossils in many of the western areas add to the 
difficulty. 

In western Texas and southeastern New Mexico, however, there is 
one of the world’s finest known developments of the Permian system. 

Unusually profound and significant changes took place during the 
Permian period, reaching a general climax near its close. Great moun¬ 
tain ranges were formed in many parts of the world: the continents stood 
unusually high; the generally mild, uniform climate of the preceding 
Paleozoic periods gave way, over wide areas, to marked differences, in¬ 
cluding low temperatures and desert conditions: and important changes 
took place in both the plant and animal worlds. 

General Distribution of the Rocks 

Compared with the preceding Paleozoic systems, Permian strata oc¬ 
cur almost entirely in the western one-half of North America (Fig. 100). 
Permian plutonic rocks are, however, abundantly represented on the 
Atlantic Coast from Newfoundland to Alabama (Fig. 185). There are 
small areas of Permian strata in the Gulf of St. Lawrence region; a 
larger one in Pennsylvania, Ohio, and West Virginia; large areas in 
Arizona, New Mexico, Texas, Oklahoma, Kansas, Colorado, British 
Columbia, and Alaska; and numerous smaller areas in the Cordilleran 
region as shown on Figure 100. 
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In the western United States the Permian strata are in many places 
considerably more extensive than their surface distribution because they 
are concealed under Mesozoic or Cenozoic rocks over large areas. Also 
there is some reason to think that the Permian strata formerly extended 
over much of the Great Basin region where erosion has resulted in 



leaving much Pennsylvanian or Mississippian rock now at the surface. 
In the eastern United States, however, the few small areas shown on the 
map (Fig. lOo) comprise all of the known Permian. 

Representative Divisions of the Permian System 

Table lo will give a general idea of the subdivisions now recognized 
in some of the better known regions, though it must be clearly under¬ 
stood that precise correlations are not meant to be implied. 
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TABLE 10 


Description of the Rocks 

The Permian strata {Dimkard series) in the small area of the north¬ 
ern Appalachian Plateau district are sandstones and shales, together with 
some limestone and coal beds. They are in every way much like the 
Pennsylvanian just below them. Middle and Upper Permian are absent. 
Similar rocks occur in the eastern Gulf of St. Lawrence region. 

In Kansas the Permian rocks are divisible into the Big Blue series, 
consisting of shales and limestones (largely marine) in the lower part, 
and shales and salt beds in the upper part, and the overlying Cimarron 
series of red sandstones, shales, and gypsum beds, mostly non-marine. 
The Upper Permian is missing. 

The Permian strata of central Texas are divisible into four groups 
as shown in Table lo. Limestones and Red Beds largely constitute the 
Wichita, and red shales, limestones, salt, and gypsum chiefly make up 
the Clear Fork, Double Mountain, and Whitehorse groups. Upper Per¬ 
mian strata are missing. 

The Middle and Late Permian salt and gypsum beds of Kansas, Ok¬ 
lahoma, and Texas underlie an area of fully 100,000 square miles, and 
reach a total thickness of more than 1000 feet (Fig. 104). 

In the Permian of Texas and New Mexico, potash deposits of con¬ 
siderable extent and commercial value have been found. 
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Western Texas and southeastern New Mexico contain a remarkably 
complete set of Permian strata. The system, which there reaches a 
thickness of 14,000 feet, is represented by the Woljcamp, Leonard, 
Guadalupe, and Ochoa series. The first three are almost entirely ma- 



Fig. 101. A detail view of Permian (Kaibab) marine limestone at the rim of the 
Grand Canyon of Arizona. Most of the rock in the distance is of Paleozoic 
ape. (Courtesy of the U. S. Geological Survey.) 


rine limestones and shales, and the Ochoa is largely Red Beds, and salt 
and gypsum (or anhydrite) beds. The salt deposits, in thickness and 
extent, are among the world’s greatest. A section of the Middle Per¬ 
mian marine strata 4000 feet thick is illustrated in Figure 102. 

Strata, including those of non-marine origin, and containing red ma- 



Fic. 102. Aerial view of the southern part of the Guadalupe Mountains in western 
Texas about 90 miles east of El Paso. Middle Permian marine strata, fully 
4000 feet thick, are excellently exposed in the face of the mountain whose sum¬ 
mit is about 9000 feet above sea level. The cliff-forming cap rock (white) is 
reef limestone of late Middle Permian (Capitan) age. (Photo by U. S. Army 
Air Corps, by courtesy of U. S. Geological Survey.) 


terials like those of western Texas, are also found through New Mexico, 
western Colorado, and Wyoming. 

In the states farther west, including Arizona, Utah, Idaho, Nevada, 
and California, there are both marine and non-marine formations of 
Permian age. Four formations— 5 w/>ai red sandstone and shale, Hermit 
red shale, Coconino gray sandstone, and Kaibab white limestone (at the 
top)—constitute the upper 2000 feet of the picturesque walls of the 
Grand Canyon of Arizona, but the Upper Permian is missing. The Kai¬ 
bab is of marine origin, but the others are largely or wholly non-marine 

(Fig. 47 )- 

Marine strata, thousands of feet thick, are known in Alaska, particu¬ 
larly in the Copper River region. 

In the Gulf of St. Lawrence region the Permian consists mostly of 
“Red Beds,” including conglomerates, sandstones, and shales. 

The Permian Roxbury conglomerate formation of eastern Massachu¬ 
setts is said to contain glacial materials. 

Structure of the Permian Strata. The Permian strata in the 
four largest areas, and near-by smaller areas, in the southwestern United 
States, and the Permian of the northern Appalachian region, have been 
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relatively little deformed by either folding or faulting. A fine example 
of moderate deformation is the broad, very gentle synclinal structure of 
the great Kansas-Texas area (Fig. 104). In most of the other numerous 
areas of North America, the Permian strata have been more or less 
folded or faulted, or both. 

Thickness of the Permian. In Pennsylvania and Ohio the Dunk- 
ard series (Lower Permian only) shows a thickness of about 1000 feet. 
A thickness of 2000 feet for the whole system is reported from Kansas; 



Fig. 103. Late Permian or early Triassic “Red Beds” in Red Butte, eastern 
Wyoming. The bright red strata are capped by a 30-foot layer of white 
gypsum. (After Darton, U. S. Geological Survey, Folio 127.) 


5000 to 14,000 feet in Texas; 3800 feet in Utah; 2000 feet in the Grand 
Canyon; 6000 feet in Alaska; and 900 feet in the Gulf of St. Lawrence 
region. 

4 

Igneous and Metamorphic Rocks. Plutonic igneous rocks 
(mainly granites) of Permian, and possibly somewhat earlier, age occur 
in numerous large and small bodies in the so-called Older Appalachians, 
especially in the middle and southern Piedmont Plateau, and also in 
New England, New Brunswick, Nova Scotia, and Newfoundland as 
shown by Figure 185. These represent the largest and most extensive 
batholithic intrusions of Paleozoic age in North America. 

Diorites, probably of Permian age, occur in the Sierra Nevada. 
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Volcanic rocks occur abundantly in the Permian system of northern 

California, western Nevada, west- 
tern Idaho, western British 
Columbia, southern Alaska, and 
central Mexico. 

Permian rocks on the western 
side of the continent are often 
moderately metamorphosed. 
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Physical History 

Early in Permian time an in¬ 
terior sea spread over much of 
Nebraska, Kansas, western Okla¬ 
homa, central and western Texas, 
and southern New Mexico. This 
sea was probably connected with 
the Gulf of Mexico through east¬ 
ern Mexico. An embayment of 
Pacific water across southeastern 
California reached northward to 
southwestern Montana. At the 
same time northern California 
and much of Alaska were sub¬ 
merged. 

The Early Permian strata (in¬ 
cluding coal) in the northern 
Appalachian region prove a con¬ 
tinuation of the Coal Measures 
conditions, that is large fresh¬ 
water swamps with prolific plant 
growth, during Early Permian 
time. Certain marine fossils 
show that sea water entered this 
area for a short time, probably 
from the southwest. 

By late Middle Permian time, 
the western sea became much en¬ 
larged and connected with the 
Pacific Ocean through southern California, and with the Gulf of Mexico 
through eastern Mexico, at the same time covering all but the southern 
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border of Alaska, This was the greatest Permian sea. Figure 105 
shows the sea and land relations of that time. From Washington to 
southeastern Alaska, only the western (marine)—volcanic trough of 
the Cordilleran geosyncline existed. 



Fic. 105. Generalized paleogeographic map showing sea and land areas in North 
America during late Middle Permian time. This was the greatest Permian sea. 
White areas, land; ruled areas, sea; cross-ruled area, mainly non-marine, with 
deposition of Red Beds, salt, and gypsum; dotted area, non-marine; A, An¬ 
cestral Rockies. 

During late Middle Permian time, a bold mountain range—the An¬ 
cestral Rockies—extended through eastern Wyoming, across Colorado, 
and well into eastern New Mexico (Fig. 105). A more or less cutoff 
arm of the sea or basin lay just east of this range. According to R. A. 
Jones, a great coral reef, now clearly traceable in fossil form across part 
of western Texas and southeastern New Mexico, existed as a barrier sep- 
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arating this lagoonal basin from the sea on the west (Fig. 105). In this 
basin, lying in an arid region, conditions were favorable for the deposi¬ 
tion of the so-called Red Beds and associated beds of salt and gypsum. 

During Late Permian time, the interior basin just described had still 
less connection with the western sea; its waters became very briny; and 
in it there accumulated one of the greatest known salt deposits. Deposi¬ 
tion of saline material must have gone on in this basin for several hun¬ 
dred thousand years. 

Permian strata of continental origin accumulated in a small basin in 
the Gulf of St. Lawrence region (Fig. 105). 

A glacial deposit of Permian age in eastern Massachusetts shows that 
conditions were favorable for at least local glaciation there. Permian 
deposits of more doubtful glacial origin have been reported from Alaska. 

In very Late Permian time the great western sea almost completely 
vanished, leaving only western Texas, southeastern New Mexico, and a 
narrow belt through eastern Mexico submerged. This was the last rem¬ 
nant of the wonderful succession of the numerous North American Pale¬ 
ozoic epeiric seas. 

The whole continent was a land area at the close of the Permian, and 
it stood unusually high. 

The Pennsylvanian record shows little if any volcanic activity in 
western North America. During the Permian, however, vulcanism was 
unusually great throughout much of the region from southern Alaska to 
middle California. In northern and eastern California, western Nevada, 
eastern Oregon, western Idaho, western British Columbia, and southern 
Alaska, lavas and tuffs, commonly associated with marine strata, show 
thicknesses of hundreds and even thousands of feet. This shows that the 
western or marine-volcanic trough of the Cordilleran geosyncline was 
fully restored north of the United States. 

Appalachian Revolution. The Paleozoic era was brought to a 
close by one of the most profound physical disturbances in the history 
of North America. It has been called the Appalachian Revolution be¬ 
cause at that time the Appalachian Mountain Range was born out of the 
sea by upheaval and folding of the strata. Perhaps it would be better to 
say that the revolution reached its climax at about the close of the Pale¬ 
ozoic because breaks in the stratigraphic record prove that the orogeny 
began as early as the Pennsylvanian, and slowly increased to the close 
of the era. Since Permian strata are involved in the folding along the 
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western side of the Appalachians, we know that much of the disturbance 
must have occurred after the deposition of those strata. 

All through the vast time (many millions of years) of the Paleozoic 
era, a great land-mass (Appalachia) existed along what is now the 
eastern coast of the United States. Its western boundary was. most 
of the time, just east of the present Appalachians, while it must have 
extended eastward at least as far as the border of the continental shelf. 
Concerning the altitude, and the character of the topography, of Appa¬ 
lachia we know almost nothing, but we do know that it consisted of 
rock of pre-Cambrian age. The enormous amount of sediment derived 
from it shows that Appalachia was high enough during most of its his¬ 
tory to undergo vigorous erosion. Although oscillations of level more 
than likely affected the land-mass, and its western shoreline was quite 
certainly shifted at various times, nevertheless it persisted as a great 
land area with approximately the same position during all of its long 
history. Its general position is well shown on the various Paleozoic 
paleogeographic maps. 

Barring certain minor oscillations of level, all of the region just west 
of Appalachia was occupied by sea water during much of the Paleozoic 
era, and sediments derived from the erosion of Appalachia were laid 
down layer upon layer upon that sea bottom. The coarsest and greatest 
thickness of sediments deposited nearest the land, that is, along what 
we might call the marginal sea bottom. At the same time, finer sedi¬ 
ments and limestones in thinner sheets were being deposited over much 
of the Mississippi Valley region. By actual measurement, in the present 
Appalachians, we know that the maximum thickness of these sediments 
was about 40,000 feet. Now, since these are all of comparatively 
shallow water origin, as proved by the coarseness of sediments, ripple 
marks, fossil coral reefs, etc., we are forced to conclude that this 
marginal sea bottom gradually sank during the process of sedimenta¬ 
tion, thus producing the great Appalachian geosynclinal trough. Per¬ 
haps the very weight of accumulating sediments aided this sinking. 
Finally, toward the close of the Paleozoic era, sinking of the marginal 
sea bottom and deposition of sediments ceased, and a tremendous force 
of lateral compression was brought to bear, causing the strata to be¬ 
come highly folded and more or less faulted. Thus arose the great Appa¬ 
lachian Mountain range which, in its prime, was doubtless much loftier 
than it is today. The fold and thrust-fault structures show that the 
major pressure came from the southeast. 

This tremendous deformation took place very slowly, though during 
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a short time as compared with the length of the Paleozoic era. As soon 
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as the folds appeared well above sea level, ir¬ 
regularities began to be carved out by the work 
of erosion so that even from early youth the 
mountains presented a rugged surface. Moun¬ 
tains now in process of growth, like the Coast 
Ranges of California, show such ruggedness. 
The great thrust faults, especially of the south¬ 
ern and central Appalachians, where certain 
blocks of the earth’s outer shell have been 
pushed for miles to the northwest over others, 
were not produced by single movements, but 
rather by many repeated movements along sin¬ 
gle fault surfaces. Some of these faults are 
hundreds of miles long. 

Important erogenic movements through 
New England and into the Gulf of St. Lawrence 
region took place at the same time. Accord¬ 
ingly, the whole eastern border region of the 
continent, for a distance of 2000 miles, was pro¬ 
foundly affected by mountain-making disturb¬ 
ances. 

The Appalachian Revolution was accom¬ 
panied by tremendous intrusions of granite 
magma throughout much of the disturbed re¬ 
gion as represented by Figure 185. Numerous 
large and small masses of this granite are now 
exposed throughout much of Newfoundland, 
Nova Scotia, New Brunswick, and New Eng¬ 
land, and farther south in the so-called Older 
Appalachians, particularly in the middle and 
southern Piedmont Plateau. 

It should be stated that the original Appa¬ 
lachian Mountains were greatly worn down in 
post-Paleozoic time and then rejuvenated to 
form the present-day mountains. 

Other important geologic changes in addi¬ 
tion to the above were (r) the warping of the 
surface of Appalachia as we shall show in our 
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Fic. 109. Nearly horizontal Ordovician strata (O) separated by an unconformity 
(U) from nearly vertical Silurian strata (5). The originally horizontal Ordo¬ 
vician strata were turned on end at the time of the Late Ordovician (Taconic) 
Revolution, and, after an interval of erosion followed by submergence under the 
sea, the Silurian strata were laid down horizontally upon them. At the time of 
the Appalachian Revolution the Silurian strata were turned on end while at the 
same time the Ordovician strata were shifted back to a nearly horizontal posi¬ 
tion. These rocks and their structures, once deeply buried, have been brought 
to light by post-Palcozoic erosion near Port Clinton, Pennsylvania. (Photo by 
N. H. Darton, U. S. Geological Survey.) 

with little deformation of the strata, east of the Great Plains never again 
to become submerged to the present time except along the Gulf Coast; 
(3) the elevation and erosion of many of the Permian areas west of the 
Rocky Mountains in the United States, which thus accounts for a rather 
widespread unconformity between the Permian and Triassic in those 
areas; (4) deformation of the rocks, accompanied by metamorphism of 
strata and intrusion of plutonic bodies (mainly diorites), in the Sierra 
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Nevada region; and (5) probably continued deformation, especially 
thrust faulting, in the Ouachita Mountains region. 

The Appalachian Revolution marked the end of the Appalachian geo¬ 
syncline, and all of North America was land at the close of the Paleozoic 
era. 


Climate 

During Permian time there was a remarkable combination of climatic 
conditions, including extensive glaciation especially in the southern 
hemisphere (described beyond), widespread aridity in parts of North 
America and Europe, and conditions favorable for prolific growth of 
coal-forming plants in various parts of the world, all in a single period. 
Thus the climate of the Permian presented a striking contrast to the 
mild and rather uniform climate of the immediately preceding period. 
The concentration of the extensive glaciation over low-latitude, instead 
of high-latitude, regions is difficult to account for. 

These perplexing problems may be in part explained as follows. 
The profound mountain-making disturbances, resulting in so many great 
and small uplifts in so many large parts of the world, caused (i) general 
disappearance of seas from continents and great interference with the 
free play of ocean currents, thus much reducing the temperature equal¬ 
izing influence of the seas; (2) low temperatures over extensive regions 
newly raised to high altitudes, even in low latitudes; and (3) heavy 
precipitation on the windward sides of new mountain ranges which rose 
across the paths of prevailing winds, and low precipitation on the op¬ 
posite sides, with resultant extensive deserts. 

A most remarkable feature is the widespread occurrence of thick 
(sometimes from 1000 to 2000 feet) glacial deposits in the Permian 
system in low-latitude countries such as India, South Africa, middle 
South America, and Australia. Furthermore, the plain inference from 
the close association of certain of these glacial deposits with marine 
strata is that glaciers near the equator came down near or actually to 
sea level. 

According to the work of Du Toit, there are two remarkable facts 
about the Permian glacial deposits of South Africa: (i) “that the move¬ 
ment of the ice was southerly, pole-ward and away from the equator, the 
opposite to what would be expected,’^ and (2) “that the ice in Natal in¬ 
vaded the land from what is now the sea to the northeast.” There was a 
truly great Ice Age in the southern hemisphere. 
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Fig. ho. A rock surface grooved, striated, and polished by a Permian glacier. 
The glaciated surface, long buried under later sediments, has recently been un¬ 
covered by erosion of the once overlying material. Nooitgedacht, South Africa. 
(Photo by R. T. Chamberlin.) 

Permian Life 

The plant life of the world was enriched by the appearance of high- 

order gymnosperms—cycads and conifers. 

Among invertebrates, modern corals (Hexacoralla) appeared; cepha- 
lopod shells became more complex; pelecypods were more abundant than 
before; and trilobites and eurypterids became extinct. 

Among the vertebrates, fishes and amphibians showed various new 
species, and low-order, true reptiles were well represented. 

Discussions of Permian life are included in Chapter XVIII. 

Economic Products 

Coal beds of considerable economic importance occur in the Permian 
of the northern Appalachian belt, France, Germany, Bohemia, Australia, 
Transvaal, and Brazil. 

Much of the oil and gas from important fields in western Texas come 
from Permian strata. 

Salt is obtained from the Permian deposits of Kansas and Oklahoma. 
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Gypsum deposits, which are so widespread in rocks of Permian age, 
are quarried in many states as Iowa, Kansas, and Oklahoma. 

The recently discovered potash deposits in the Permian of Texas 
bear promise of great commercial value. 

European Permian 

The Permian of Europe also shows two rather distinct phases— 
marine and non-marine—but the system in central and western Europe 
is usually separated from the underlying Upper Carboniferous (Penn¬ 
sylvanian) by unconformity. Early in the Permian a great salt lake 
(or series of lakes), sometimes with local fresh-water conditions, ex¬ 
tended over western to central Europe from Ireland to central Germany. 
“Red Beds,” consisting of sandstones, shales, marls, salt, and gypsum, 
together with some coal beds, were formed in these inland water bodies. 
Fossils prove that marine waters sometimes spread over at least portions 
of this inland basin. Glacial deposits have recently been discovered to¬ 
ward the base of the Permian in Germany. Another feature of special 
interest is the large amount of igneous rock in the form of lava flows, 
dikes, and tuffs in the Lower Permian, particularly in the British Isles, 
Germany, France, and the Alps. 

The Late Pennsylvanian orogeny, which affected parts of central and 
western Europe, continued with great force through Permian time. This 
was the third and last phase of the Variscan Revolution described near 
the end of Chapter XV. The Ural Mountains were also formed by fold¬ 
ing and uplift during Permian time. 

Both Lower and Upper Permian marine strata occur in parts of 
southern Europe. 

About the beginning of the Late Permian, marine waters appear to 
have prevailed over the enclosed basin areas of central and western 
Europe, but soon again those waters withdrew to restore salt lake con¬ 
ditions. Neither coal nor igneous rock occurs in the Upper Permian, 
but the greatest salt beds in the world were deposited in northern Ger¬ 
many during Late Permian time. Some layers of magnesium and potas¬ 
sium salts were deposited with the common salt, one well having pene¬ 
trated the deposit near Berlin to a depth of 4000 feet without reaching 
the bottom. 

In Russia, the type region for the Permian, rocks of this age underlie 
much of the country and appear at the surface over a wide area in the 
eastern part, just west of the Ural Mountains. 



CHAPTER XVIII 


PALEOZOIC LIFE 

General Considerations 

Abundance of Marine Life. Hundreds of species of fossils 
(largely of invertebrate animals) have been unearthed from Cambrian 
strata, and as far as now known, they all represent marine forms. 
Furthermore the widespread Ordovician and Silurian seas literally 
swarmed with marine invertebrates, few rock systems containing a fuller 
record of marine forms than the Ordovician because of very favorable 
conditions for fossilization. Probably no less than 2000 species of 
animals are known from the Middle Ordovician alone. Middle and 
Late Paleozoic systems are also rich in marine fossils, some much more 

so than others. 

Land Organisms and Vertebrates. Thus far no fossil land 
animals have been found in either Cambrian or Ordovician strata, but 
some occur in the Silurian. Very primitive, low-order, land plants 
seem to be represented only by spores in Cambrian strata, and by 
recognizable plant forms in the Ordovician and Silurian. During the 
succeeding Paleozoic periods, land plants, both spore-bearing and seed- 

bearing, showed a remarkable evolution. 

Vertebrates are unknown from the Cambrian, and if any existed 
then we know, from the record of vertebrates of succeeding periods, that 
they must have been very simple types. Ordovician and Silurian rocks 
have yielded a scant record of very primitive vertebrates. During the 
later Paleozoic periods, however, vertebrates evolved, in order of time, 
from fishes through amphibians to primitive reptiles. These facts are 
of special significance in regard to the evolution of life on the earth be¬ 
cause, as far as known, all land-dwelling organisms, and all vertebrates, 
have developed (evolved) since Cambrian time. 

Stage of Evolution of Cambrian Life. The life of the Cambrian 
possesses a particular importance because, excepting the few scant or- 
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ganic remains found in upper Proterozoic rocks, the rocks of this age 
contain the oldest known great assemblage of distinct fossils. Even 
here, however, the organic record is very incomplete both because many 
Cambrian fossils have not yet been discovered and because a vast 
number of Cambrian organisms must never have been preserved as 
fossils. Although Cambrian fossils are scant as compared with those 
of other Paleozoic systems, nevertheless a striking fact is the large 
number and complexity of organisms represented. All the phyla or 
sub-kingdoms of invertebrate animals are represented, though nearly 
always by only the simpler types of each sub-kingdom, and this to¬ 
gether with the positive evidences for pre-Cambrian life, makes it 
perfectly evident that organisms existed and developed (evolved) for a 
vast length of time before the opening of the Cambrian. It is generally 
agreed that fully half of the evolution of animals had taken place before 
the beginning of the Cambrian period, but that plants had not developed 
beyond the single-celled stage. 

In spite of so much pre-Cambrian evolution of animals, it is to be 
remembered that, as a result of post-Cambrian evolution, literally enor¬ 
mous advancement has been made, so that Cambrian forms are really 
simple or primitive as compared with many of the highest living forms. 
To illustrate, there is a vast gulf between the degree of organization of 
the highest mammals of today and the highest forms (simple arthropods) 
of Cambrian time, and all of this development has been gradually accom¬ 
plished since Cambrian time. 

Passing upward even within the Cambrian system, the animal fossils 
show a gradual progress toward more highly developed or organized 
forms. 

Apparent Suddenness of Appearance of the Cambrian Forms. 
The apparent suddenness of appearance of so many highly developed 
organisms even in the Early Cambrian has caused much discussion by 
way of attempted explanation. Geologists are agreed that this seeming 
sudden appearance of so many forms is due to imperfection of the older 
record either because of unfavorable conditions for the preservation of 
fossils in the pre-Cambrian sediments, or because fossils, though once 
present in those rocks, have been obliterated by subsequent changes or 
metamorphism. Further, it is agreed that the first organisms were plants 
because animal life is ultimately dependent upon vegetable matter as a 
food supply. 

It should be recognized that the metamorphic, or crystalline, charac- 
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ter of all Archean and many Proterozoic rocks is obviously unfavorable 
for preservation of determinable fossils. Thus, some Archean sedimen¬ 
tary rocks have flakes of graphite (carbon) disseminated through them 
and, though such carbon is of organic origin, the original organic struc¬ 
tures have been entirely obliterated so that crystallized carbon only 
remains after the intense metamorphism. Such an explanation, however, 
does not by any means answer the whole question, because, at a number 
of localities, thousands of feet of non-metamorphosed pre-Cambrian 
strata are known and, except in very few cases in the later of these rocks, 
distinct fossil forms of animals are not known. 

Brooks has advanced the hypothesis that the early living forms 
(plants and animals) were single celled, and that they originated and 
lived in the surface portions of the ocean. Because of the lack of severe 
struggle for existence in such environment, pelagic (free-swimming) 
plants have to this day remained largely primitive or single celled. For 
similar reasons the unicellular animals long failed to evolve higher forms 
because of easy existence in contact with much food and sunlight. Such 
forms were of gelatinous consistence and not favorable for preservation 
as fossils. Not until the attachment to the bottom or along shore were 
conditions favorable for the development of higher forms by the aggre¬ 
gation of cells. The plants first spread to the shore waters and thence 
over the land, so that gradually the shore waters became clearer and 
richer in organic material and hence more suitable habitats for animals. 
The animals once established along shore, about the beginning of the 
Cambrian or late in the pre-Cambrian, are conceived to have made rapid 
progress in evolution because the struggle for existence became severe on 
account of greater crowding in this more restricted environment. Sup¬ 
port became necessary as well as means of defense, therefore hard parts 
were developed, and such hard parts could be preserved as fossils. In 
harmony with this hypothesis is the important fact that pre-Cambrian 
and Early Cambrian fossil shells are mostly very thin, heavy shells ap¬ 
parently not having been evolved until later. 

According to Raymond's modification of the Brooks hypothesis 
“skeletons appeared after the pre-Cambrian as a result of the adoption 
of a sessile or sluggish mode of existence. . . . All animals and many 
plants are confronted with the necessity of getting rid of surplus calcium 
(taken with the food). Those most active best solve the problem. The 
production of a calcareous skeleton is an involuntary, chemical function 
which will take place with animals in any environment. ... In pre- 
Cambrian time, untroubled by predaceous animals, the swimming and 



210 HISTORICAL GEOLOGY 

floating organisms must have increased rapidly until there came a time 
when the upper sunlit parts of the seas and oceans were overpopulated. 
This must have forced some individuals to the bottom. . . . Active 
animals reaching the bottom in shallow water continued to swim, or 
learned to crawl about for food. The more passive adhered to the 
substratum, became relatively inactive, and began the secretion of 
skeletons because they were no longer able to rid themselves of calcium 
carbonate. That the pre-Cambrian animals were all motile seems, 
therefore, to explain their lack of hard parts, and hence to solve the 
question of why so few pre-Cambrian fossils are found.” ^ 

Another hypothesis “assumes that the first forms of life were simple 
plants that originated in the land waters. . . . This hypothesis further 
assumes that the early animals, to a greater or less degree, had their 
origin in the same waters, and like the plants on which they were de¬ 
pendent spread thence to the sea and out upon the land. It is assumed 
that there might be considerable development of aquatic forms of animal 
life ... in the land waters before they became denizens of the seas, 
and their appearance in the latter might be at some rather advanced 
stage of their evolution and hence be seemingly sudden.” ^ 

Plants® 

Cambrian, Ordovician, and Silurian Plants. In order to gain 
even an elementary knowledge of the history and evolution of plants, 
the reader should bear in mind the important fact that plants of higher, 
more complex types came into existence during geological time in their 
general botanical order of classification. In other words, from the 
primitive, single-celled plants of Archeozoic and Proterozoic times, there 
have evolved more complex forms culminating in the highly organized 
plants of today. 

Barrenness of the lands of the earth, so characteristic of pre-Paleo- 
zoic times, continued into the Early Paleozoic because of almost com¬ 
plete lack of land plants. 

There are certain rather obscure impressions and cluster-like forms 
in Cambrian rocks which may be seaweeds, but their identification is 
often unsatisfactory. In the earlier Paleozoic periods simple plants at 

* P. E. Raymond: Prehistoric Life, pp. 34 > 3 ^, 37 - 

* Chamberlin and Salisbury: Geology, Vol. 2, p. 302. 

* In the study of the history of life from the Cambrian to the present m this 
book the student should refer to the outline classifications of plants and animals in 

the Appendix. 
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least must have been abundant since animals ultimately depend upon 
plants for food. Their scarcity as fossils is doubtless due to the un¬ 
favorable nature of the simple (soft) marine plants for fossilization. 

Recently certain problematical Cambrian fossils, long known by the 
name '‘Cryptozodn,” have been determined as algae by Walcott. 1 hey 
secreted concentric layers of carbonate of lime and lived in water. In 



Fio. III. Calcareous algae. Cryptozodn, forming a reef in Upper Cambrian lime¬ 
stone near Saratoga Springs, New York. (After H. P. Cushing, N. Y. State 


Mus. Bui. i6g.) 

many localities, as near Saratoga Springs, New York, distinct beds or 
“reefs” of such algae occur in limestone (Fig. in). 

There is no evidence that any types of plants other than single-celled 
water-dwelling forms existed before Cambrian time. Recently (1937) 
the discovery of what are probably minute spores of very primitive land 
plants in Cambrian strata has been reported. If true, this is the oldest 
known record of land-plant life. 

Various kinds of seaweeds (marine algae) are definitely known from 
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Ordovician limestones and shales (Fig. 112), and also from Silurian 
sandstones. 

Definite knowledge of Ordovician land plants is very scant, making 
the following recent (1935) discovery especially significant. According 
to Science Service, “fossils of fernlike plants of very simple structure, 
with a great deal of branching stem, but with nothing that can be surely 
identified as leaves, have been found in a deposit of Lower Ordovician 
limestone in Wyoming.” They probably belong with the oldest known 
land plants called psilophytales which are definitely represented in 
Lower Devonian strata (Fig. 113). 

Our knowledge of Silurian land plants is also very meager. Some 
mosslike and fernlike forms of doubtful affinities have been reported. In 


Fig. 112. 



Ordovician seaweeds, Callithamnopsis. (After Ruedemann.) 


regard to certain fragments of plants found in Silurian strata in England, 
Sweden, and Australia, Seward says that “they afford evidence of the 
existence of two Silurian types, probably terrestrial, which agree closely 
with forms characteristic of the earlier Devonian floras, and of a third 
type that appears to be peculiar to this meager pre-Devonian flora.” 

Considering the profuse land vegetation of the next (Devonian) 
period, it seems certain that their progenitors must have been well repre¬ 
sented in the Silurian, and that either more of their remains will be dis¬ 
covered, or that the conditions for their preservation were unfavorable. 


Later Paleozoic Aquatic Plants. Of the thallophytes, both sea¬ 
weeds and diatoms are known in fossil form from later Paleozoic strata. 
Certain forms regarded as treelike seaweeds were remarkable for their 
size, having attained a diameter of 2 or 3 feet. Diatoms are unicel- 
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lular, aquatic plants of microscopic size which secrete shells of silica, 
and some of Devonian age are known. In some of the later periods 
these tiny plants were of considerable importance. 

Spores and spore-cases of certain aquatic plants (rhizocarps), prob¬ 
ably related to very simple spore plants, are very abundant in Devonian 
shales, especially those of Marcellus and Hamilton ages. .According to 
Dawson they are “dispersed in countless millions of tons through the 
Devonian shales,” and by their decomposition much oil has been pro- 

duced. 


Devonian and Mississippian Land Plants. Of special evolu¬ 
tionary significance in the plant world were the Psilophytalcs which, as 
already stated, may have existed during the Ordovician. In any case, 
these very primitive land plants are definitely known from Lower Devo¬ 
nian strata from several parts of the earth, and they seem to have 
disappeared by the close of Devonian time. They are believed to repre¬ 
sent a transition between water dwelling plants and land plants, but 



Restoration of important Devonian plants. spore-hearimz lepidophyte 
mcillaria which ranks amonK the world’s olde.st kncw.i, most pnmiti\( 
with drooping branches (on the left); spore-bearing arthrophytes oi 
tail rushes" (lower left); psilophytons, with curled 

D- and a primitive, treelike seed fern. Eospermaloptfn.s («nJ^e r^ht) 
:.^R. Knight, photo by courtesy of Chicago Natural History Museum.) 

_ , 
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still requiring wet places for growth. Psilophyton, a good example 
(Fig. 113), had a woody stem and numerous leafless branches. Breath¬ 
ing pores were on the leafless stems, while higher land plants have them 
in the leaves. Many branches were curled at the tips, while others 
carried reproductive spores in leafless pods at their tips. 

Our knowledge of land plants prior to the Devonian is very scant as 
we have seen, but the records are sufficient to make it certain that the 
Devonian lands were covered with a rich and diversified vegetation, 
often even with luxuriant forests. Ferns were common. The forests 
were, however, far different in appearance from those of the present 
because the trees were all of very simple or low organization types. 
Figure 113 shows restorations of several types of these very primitive 
trees. Thus they were largely represented by all the main subdivisions 
of the seedless plants and primitive types of low-order gymnosperms. 
Because these important and remarkable land plants reached their 
climax of development in the Pennsylvanian (great coal period), it will 

serve our purpose best to discuss these plants in connection with the 
flora of that period. 

During Alississippian time there were comparatively few important 
evolutionary advances in the plant world. 



Fig. 114. Restorations of important spore-bearing, Pennsylvanian trees. Arthro- 
phyte or ''horsetail rush” (on the left); Lepidodendron (in the middle); and 
branching type Sigillaria (on the right). (After Dawson.) 
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Pennsylvanian Land Plants. General statement. The plant 
life of Pennsylvanian time was very prolific and the records for this 
period are far more abundant than for any other Paleozoic period, one 
reason for this unusually full record doubtless being the very favorable 
conditions for preservation of the flora of the time. Several thousand 
species of now extinct plants are known from the Pennsylvanian alone. 
It must be remembered that most of the important classes of Pennsyl¬ 
vanian plants existed as early as in the Devonian, but that the earlier 
records are much more scant. The known Pennsylvanian flora consists 
very largely of seedless plants together with some primitive, low-order 
gymnosperms. From the negative standpoint, a most significant fea¬ 
ture was the complete absence of the true flowering plants (angio- 
sperms) which are today the most common and the most advanced of 

all plants. 

Pteridophytes. Ferns were very common and diversified, both as 
treelike forms and as small, herbaceous forms. Both forms were very 
similar in appearance to those now living in tropical and temperate 

Fic us A Late Paleozoic landscape, showinp some of the most conspicuous 
plants and animals of that time. Lepidodendrons (with branches) and sigil- 
larias (without branches) in the left background; arthrophytes {segmented) on 
the right - seed ferns in the left foreground: two amphibians (Eryops) on the 
land; a primitive reptile (Limnoscelis) in the water; and a great insect (dragon- 
fly) in the air. (From a drawing by Prof. S. W. Williston.) 
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climates. They ranged from Silurian time to the present. Thousands 
of species are now living. 

Arthrophytes (“horsetail rushes”) were common in the Pennsyl¬ 
vanian forests. These plants had long, slender, segmented stems which 
were either hollow or filled with a large, soft pith (Figs. 113, 114, 115). 


The leaves, which were arranged 



a b 


Fig. 116. Lcpidodcndron bark 
and sigillarian bark (6), showing 
arrangement of leaf-scars. 


in whorls around the stems at the 
joints, were of variable shapes and 
sizes, usually either needlelike, scale¬ 
like, or straplike. The outside of 
the stem had a sort of finely fluted 
structure but without scars and not 
continuous as in the sigillarians. 
They reached heights of 60 to 90 
feet and diameters of i or 2 feet. 
Arthrophytes are today chiefly rep¬ 
resented by only a few species of 
rushlike forms not over a few feet 
high, although in South America 
some very slender forms grow to 


heights of 30 or 40 feet. 

Lepidophytes (giant “club mosses”) were the largest, most abundant, 
and conspicuous of the forest trees, and they appear to have culminated 
during this same period. In marked contrast to such a high position 
their descendants of today are represented only by a few, small, delicate, 
trailing so-called “club mosses” and “ground pines” in our forests. Two 
of the most prominent types (or genera) of Pennsylvanian lepidophytes 
were Lepidodendron and the Sigillaria. The Icpidodendrons (“scale 
trees”) had leaf-scars or scales arranged spirally around the trunks of 
the trees (Fig. ii6a). They generally attained a height of 50 to 100 
feet and a diameter of 2 to 4 feet- The trunks branched dichotomously 
(by twos) only at a considerable height (Fig. 114). Long, stiff, needle- 
shaped leaves were thickly set on the branches. The dropping of the 
leaves from the older (trunk) portions caused the leaf-scars or scales 
above mentioned. Inside of the outer bark, the stem consisted of pithy 
or loose cellular tissue. Over 100 species of Lepidodendron are known. 
The sigillarias (“seal trees”) are so called because of seal-like markings 
(Fig. 116b) which were arranged vertically on the tree trunk. They 
were even larger than the Icpidodendrons, having attained a height of 
100 feet or more and a diameter of $ or 6 feet. The trunk usually 
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ended with a rounded tip. hiit Si)nie hat! a tew irreiiiilarU arrani^til 
branches (Fi-s. 114. 115). In other respects these trees were inm li 
like the lepidodendrons. A very primitive lepitlophyte is shown l)y 
Figure iijl. Lepidophytes raniied from the Devonian to the [iresent. 
culminating in the Pennsylvanian. 



Fio. 117. A fossil Icpidophyte (siffillarian) stump in the Pennsylvanian strata of 
Nova Scotia standing in the position where the tree grew. (Courtesy of the 
Geological Survey of Canada.) 


Ptcridosperms (“seed ferns”), which were common in the Pennsyl¬ 
vanian, comprised a remarkable group of plants recently regarded as 
transitional between the seedle.ss and seed plants. 1 hey possessed seeds 
but not flowers and showed many features which seem to make them the 
connecting link between the ferns and the cycads. The seeds were ar¬ 
ranged on the leaves. There is considerable difference of opinion con- 




218 


HISTORICAL GEOLOGY 


cerning the relations and affinities of this remarkable group of plants, 
now long extinct. A very primitive seed fern (restored) is illustrated 
by Figure 113. Seed ferns ranged from Devonian to Triassic. 

Cordaites were common representatives of low-order gymnosperms. 
They were comparatively slender trees which attained a diameter of 2 



Fig. 118. Cordaites restored. (From Schuchert’s “Historical Geology,” courtesy of 

John Wiley and Sons.) 

or 3 feet and a height of 90 feet or more (see Fig. 118). The branches, 
which were given off only toward the top of the trunk, were supplied 
with numerous, long, very simple, parallel-veined, strap-shaped leaves 
notable for great size, sometimes 5 or 6 feet long and 5 or 6 inches wide. 
The trunks were covered with thick bark, while inside there was much 
pith. Many specimens have been well preserved. They were im- 
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portant contributors to the formation of some coal beds. They possessed 
certain features or structures of the seed ferns, conifers, cycads, and 
ginkgos in addition to their own characteristics. Cordaites thus afford 
a fine illustration of a generalized type of plant, that is to say one which 
combined the characters of several distinct (some later) forms. Cor¬ 
daites ranged from the Devonian to the Triassic. 

Higher types of gymnosperms such as cycads and conifers are not 
certainly known to have existed during Pennsylvanian time. 

Permian Land Plants. In Permian time the most important ad¬ 
vances in the plant world occurred among the gymnosperms. Thus 
cycads and conifers, with their primitive flowers, first appeared and 
gave vegetation a decided Mesozoic aspect. Cycads evolved from seed 
ferns, and conifers from the cordaites. Ginkgo (“maidenhair”) trees 
evolved from cordaites or an allied plant during the Permian. The so- 
called “tongue ferns” (e.g., Glossopteris) were widespread in the south¬ 
ern hemisphere. They had primitive tongue-shaped leaves and they 
bore seeds, hence they were not ferns but related to the cycads. 

Invertebrates 

Some knowledge of the classification and main characteristics of the 
more important groups of animals is a fundamental consideration in the 
study of the life of the past ages of geologic time, particularly in its 
bearing upon the great doctrine of organic evolution. In the Appendix 
a simple classification includes various important subdivisions of animals, 
most of which are often represented in fossil form. Reading downward 
in this table, there is a gradually increasing complexity of structure, 
ranging from single-celled forms to the most highly organized animals 
which ever lived. Just as it is true of the history and evolution of plants, 
so here it is a remarkable fact that animals have evolved, or become more 
and more complex, as geologic time has gone on. 

Protozoans. These single-celled animals have left a fossil record 
ranging through earlier Paleozoic time. Perhaps the best known of 
these tiny creatures were the joraminijers which secreted shells of lime 
carbonate (Fig. 392). Such creatures now swarm in large areas of 
surface sea waters. In Pennsylvanian and Permian times the foramini- 
fers were represented by countless numbers of jusilines, the limy shells 
of which are about the shape and size of grains of wheat. Radiolarians, 
which had shells of silica, also existed through earlier Paleozoic time. 
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Many other kinds of protozoans doubtless existed, but very few secreted 
shells, and hence not many species were favorable for fossilization. 

The Early Paleozoic protozoans were very much like the modern 
marine forms, and it is an interesting and important fact that such very 
simple types have persisted throughout all of geologic time from the 
Cambrian to the present, while profound evolutionary changes were 
taking place in the animal kingdom. 

Porifers. Sponges represent the simplest of the many celled ani¬ 
mals. They are porous saclike forms. They ranged throughout the 
Paleozoic era, and to the present day, with no outstanding evolutionary 
change. Usually only those sponges which secreted skeletons are found 



A B 


Fig. 119. A Cambrian jellyfish, Brooksella. A, top; B, bottom. Natural size. 

(After Walcott, from Shimer’s “Introduction to the Study of Fossils,” permis¬ 
sion of The Macmillan Company.) 

as fossils. In the Silurian strata of western Tennessee sponges are 
very abundant. They were also abundant in later Paleozoic time. 
They have been found in a remarkable state of preservation in the De¬ 
vonian of New York. Certain of these, known as “glass sponges,” had 
siliceous skeletal frameworks of beautifully intricate designs (Fig. 138). 

Coelenterates. Hydrozoans were represented by both the so-called 
“jellyfishes” and the graptolites. Recognizable casts and impressions 
of jellyfishes (Fig. 119) which creatures consist wholly of soft parts, 
occur in Cambrian rocks and these are remarkable freaks of fossil 
preservation. 

Graptolites (Fig. 120) were common in Cambrian, Ordovician, and 
Silurian times. They were slender, plumelike, delicate forms consisting 
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of colonies of cells. They were pelagic or free to float in the open sea. 
One genus of graptolites, confined to a horizon near the summit of the 
Cambrian, is almost world-wide in its distribution and beautifully illus¬ 
trates the importance of such forms for purposes of correlation over wide 
areas. The Ordovician may be said to have been the period of culmina¬ 
tion of this remarkable, long extinct group of animals. They are so 
abundant and varied in Upper Ordovician shales that definite stages or 
horizons have been determined largely by their use. Since the grapto 
lites were mostly floating forms and widely distributed at a given time 
thev have been of great value in correlating even minor subdivisions of 
the svstem in such far separated regions as Great Britain, eastern Kort 



Fir 120 Ordovician graptolites; a, Tetragraplus; b. Climacograplu$; c, Diplo- 
' sraptus: d, DidymograplM; e, Dictyonema. AU ^out one-half natural 
{a.h, d, after Hall; r, after Ruedemann; e, after Matthew.) 


America, and Australia. When it is further stated that all known 
graptolites are largely confined to the first three great fossiliferous sys¬ 
tems (Cambrian, Ordovician, Silurian), with rare occurrences m the 
Devonian and Mississippian, their additional importance as stratigraphic 
indices becomes evident. In Figure 120 the forms represent skeletons or 
axes of colonies, a single or a double row of protoplasmic cells having 
been arranged along an axis. Forms with cells on both sides of the 

axis were very characteristic of the Ordovician. 

Graptolites continued into the Mississippian period when they 

became extinct. 

Anthozoans (corals) were rather doubtfully present in the Cambrian 
because the fossil forms so greatly resemble sponges, but recent 
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study seems to indicate that some at least were true corals. Locally 
such coral-like forms were common enough to form reefs. It seems 
quite clear that the corals evolved from Cambrian sponges. 

Ordovician corals were common, more especially where the mid- 
Ordovician limestones were forming. It will serve our purpose to 
divide the principal Paleozoic corals into three groups or types as fol¬ 
lows: (i) Cup or horn corah (solitary t)r compound) (Fig. 121); (2) 



Late Ordovician (Richmond) cup or horn corals. Streptelasma, em¬ 
bedded in limestone. About two-thirds natural size. Eastern Warren County, 
Ohio. (Photo by courtesy of the Smithsonian Institution, Washinston. D. C.) 


honeycomb corals (compound) (Fig. 122): and (3) chain corals (com¬ 
pound) (Fig. 123). These Paleozoic corals were all Tetracoralla. that 
is, the radiating partitions (septa) of the individuals or polyps were four 
in number or multiples of four, while modern corals, which first appeared 
in the Permian period, are Hexacoraila or Octacoralla. Modern corals 
are nearly all profusely branched and the polyps are very small, while 
Paleozoic corals were rarely branched and the polyps were much larger, 
the cup corals usually ranging from half an inch to a foot or more in 
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lensth. All three types of corals above mentioned existed m the Ordo- 
vicran, but solitary’ cup corals \vere predominant. Compound torms, 
especially honeycomb corals, were sometimes locally abundant. Among 
modern corals the compound or colonizing forms are by far more common 

than the solitary forms. . , . , 

Corals increased in prominence in Silurian time, and the simple cup 



Fir 122 Early Devonian (Onondapa) honeycomb coral. Favosites, from limestone. 
About uto^hirds natural size. Near Le Roy, New York. (Photo by courtesy 
of the Smithsonian Institution, Washinplon, D. C.) 


corals of the Ordovician were superseded in importance by the colonizing 
or compound forms. Chain corals, which were rare in the Ordovician, 
reached their climax of development, but became nearly extinct by the 
dose of the period. Honeycomb corals were also common. 

Corals increased in numbers, species, and size in the Devonian. 
They must have grown in profusion, especially in the clear Onandaga 
sea, as proved by the many great fossil coral reefs. From near Louis- 
viUe, Kentucky, alone more than 200 species are known, and these are 
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only a fraction of all described Devonian species. They were almost 
all of the cup and honeycomb types, the chain corals having become 
rare and extinct in the early Devonian. The solitary cup corals prob¬ 
ably reached their culmination in size, some of them being 12 to i8 inches 
long and several inches in diameter. The cup and honeycomb corals, 
representing the ancient Tetracoralla. continued through the rest of 
Paleozoic time. In the Permian, however, corals showed an important 
change in their evolution by the first appearance of the more modern 



Fk,. 123. Middle Silurian (Nianaran) chain coral, Halysites, on limestone. Some¬ 
what reduced. Point Detour, Michigan. (Photo by courtesy of the Smith¬ 
sonian Institution, Washington, D. C.) 

Hexacoralla, or forms whose septa or dividing walls were six in number 
or multiples of six. 

Echinoderms. These are often called the “starfish ” family. They 
are marine forms with a distinct body cavity, a very simple digestive 
canal, a low-order nervous system, and a water circulatory system. 
They are nearly always radially segmented. 

Of the stalked echinoderms the very simplest forms, called cystoids, 
are known from the Cambrian. There were the bladder-like forms, 
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sometimes with rudimentary arms, set on segmented stems tl'i''. i’5a). 
Ilolothuroids (*'sea cucumbers’ ) have been found in the C'ambrian ot 
British Columbia. These arc of special interest because they represent 
highly organized forms of echinoderms. 

In the Ordovician all classes of the echinoderms were represented. 
Cystoids then reached their climax of development. Blastoids were rare 
and represented by very primitive forms with distinct cystoid affinities. 
Crinoids, often called ‘'stone lilies” appeared and became prominent in 



Ftc. 124. Mississippian cup corals, Lithostrotion, formins a compact mass or 
colony. Natural size. (.After Ulrich, U. S. Geolocical Survey, Folio 95.) 


the Ordovician. They are (and were) animals with a complex, highly 
segmented, headlike portion attached to the sea bottom by a long seg¬ 
mented stalk (Fig. 125c). The segments consist of carbonate of lime. 
Because of their hard parts they were well suited for fossilization, but 
after decay of the soft parts, the segments usually fell apart so that en¬ 
tire specimens are not common. Asterozoans (starfishes) and echinoids 
(sea urchins) were rare in the Ordovician, the latter having been repre¬ 
sented by very primitive forms. 

In Silurian time crinoids increased notably in numbers and species, as 
well as in complexity of structure (Fig. 12sc). Hundreds of species are 
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known. On some parts of the sea bottom they must have existed like 
miniature forests. Silurian asterozoans and echinoids were still un¬ 
common. Modern echinoids have exactly twenty rows of calcareous 
plates tightly fitted together, while Paleozoic forms had a variable 
number of plates, and in some forms the plates were only loosely joined 
together, this latter feature apparently being a primitive characteristic. 



a c 


Fig. 12$. Silurian echinoderms: a, cystoid, Caryocrinus; b, blastoid, Troostocri- 
nus; c, crinoid, Eucalyptocrinus. a, natural size; b, c, one-half natural size. 
(After Say, Troost, and Hall respectively.) 

The very primitive stalked echinoderms, called cystoids, were rare in 
Late Paleozoic time, becoming extinct in the Permian. 

Blastoids which, during several preceding periods, assumed a minor 
role, showed a wonderful development in the Mississippian when they 
appeared to have reached their culmination both as regards numbers of 
individuals and diversity of forms. One of the most common types, 
known as Pentremites, largely constitutes beds of limestone in some 
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places. At certain localities even the most delicate of the hard ixirts of 
the organisms are nearly perfectly preserved. It is a remarkable fact 
that this class of animals, which attained such prominence during this 
period, also became nearly extinct by the close of the same period. 

Blastoids ceased to exist after Pennsylvanian time. 

Crhwids also culminated in the Mississippian (Fig. 126). Hundreds 
of species are known, and some localities such as Crawfordsville, Indiana, 
and Burlington. Iowa, are well known for the remarkable preservation of 



Fic 126 Mississippian crinoids, Graphiocrinus and Rhodocrinus, on a slab of lime- 
Slone. Considerably reduced. From Kinderhook formation, Le Grand, Iowa. 
(Courtesy of the University of Chicago.) 


vast numbers of these beautiful forms (fossil “sea lilies’ ). The crinoid 
remains occur in such multitudes that in many places the limestones are 
principally composed of them; in such places they must have covered 
the sea-bottom like miniature forests” (W . B. Scott). It is noteworthy 
that all of this wealth of forms belonged to a single subclass or order of 
crinoids, not one of which is known to have lived on into the Mesozoic. 
The crinoids declined greatly in Pennsylvanian and Permian times. 

Both echinoids (sea urchins) and asterozoans (true starfishes) were 
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more or less common durinc; later Paleozoic time, but neither showed anv 
?reat evolutionary change. 


Worms. These arc known to have existed since late pre-Cambrian 
time. Tracks, borings, and impressions constitute most of their fossil 
record (Fig. 128). Worms are of particular interest in the history of 



Fig. 127. A Devonian asterozoan, Paleaster, on a pelecypod shell. Natural size 

(After Clarke, A'. Y. State Afus. Bui. 158.) 


animal life because the arthropods and certain other invertebrate sub- 
kingdoms prol)a!)ly evolved from them. 

Bryozoans. The bryozoans (so-called “sea mosses”) are first 
known from the Ordovician when they were abundant, often as reef 
builders, particularly late in the period. Hundreds of Ordovician species 
are known. Though structurally (organically) very closely related to 
the brachiopods, they are far different from them in outward appear¬ 
ance, while they look so much like the corals as often to be distinguished 
from them with difficulty (Fig. 129). The bryozoans afford a fine illus¬ 
tration of a class of creatures whose genera have changed very little 
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Fig. 128. Cambrian worms: a, Ottoia; b, Worthcnclla. (After Walcott.) 

from very ancient times to the present day. They continued to be 
common in the Silurian period. 

Bryozoans ranged through all of later Paleozoic time. They were 
very abundant in the Mississippian. and in some cases the calcareous 
skeletons of the colonies contributed much material to the building of 
limestone. For the first time (Mississippian) the delicate, mosslike, 
colony supports were partly replaced by thicker and heavier ones. 

Brachiopods. Next after the trilobites, the brachiopods are prob¬ 
ably the most important Cambrian fossils (Fig. 130). There are two 



Fir.. 129. \'arious Ordovician bryozoans on a slab of limestone. (After R. S- 

Basslcr, U. S. National Museum.) 
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general groups of brachiopods, namely, the inarticulates, in which the 
horny shells or valves are not joined together by a hinge, and the articu¬ 
lates, in which the heavier calcareous shells are joined together by a 
hinge structure. The former are simpler and lower in organization, 
and, from the standpoint of evolution, it is important to note that 
Cambrian (and probably pre-Cambrian) brachiopods were mostly inar¬ 
ticulates, the articulates not becoming common until in the Upper 
Cambrian. In the post-Cambrian periods the articulates greatly out¬ 
numbered the inarticulates, and they are the most common of all fossil 
shells in the Paleozoic rocks. 

The brachiopods stand out conspicuously as a remarkably persistent 
class of animals ranging from Early Cambrian time to the present, and, 
although there have been very many species and genera changes, the 


b 

Fig. 130. Cambrian brachiopods: a, Lingulella; b, Lingnlella. Much enlarged. 

(After Walcott.) 

class as such has been but little changed. A few genera, but no species, 
have persisted from the Cambrian to the present. At least 7000 species 
of brachiopods are known, most of them from the Paleozoic, but only 
about 200 species now exist. By studying their gradual changes in 
species and genera, they have come to rank among the most valuable 
fossils as geologic time markers and for purposes of correlation. 

Brachiopods became much more abundant, more varied, and more 
complex in Ordovician time (Fig. 131, Nos. 4, 5, 6). Those with 
hinged shells (articulates) greatly outnumbered the inarticulates for 
the first time. Also the shells usually were thicker and more difficult 
for their enemies to open because of long-hinged lines, or a fluted or 
ribbed structure, or both. As for the Early Paleozoic in general, nearly 
all were straight-hinged. Many genera and species are known, certain 
of them having been much used in subdividing the Ordovician system. 
Along with the trilobites, the brachiopods were the most prominent 
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Fig. 131. Some common fossils which occur in the Ordovician strata of northern 


New York. 1, graptolitc; 2, cup coral; 3, honeycomb coral; 4,5,6, brachiopods; 
7, pelecypod; 8, gastropod; 9, straight chamber-shelled cephalopod; 10, close- 
coiled chamber-shelled cephalopod, ii, trilobite, Calymene; 12, trilobite. 


Triarthus. Sizes vary from natural to about one-half. 
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known organisms of the period. Hundreds of species are known from 
the Middle Ordovician of North America alone. 

In Silurian time brachiopods continued to be the most prominent of 
all organisms as regards both number of individuals and species, and 
this in spite of the fact that very few Ordovician species, and not many 
genera, continued from the Ordovician into the Silurian. Two im¬ 
portant genera, Spirifer and Pentamerus, made their first appearance 
and were especially prominent in the Silurian, but became even more so 
in the Devonian. 

Brachiopods reached their culmination, in regard to number of species 
and abundance, in the Devonian period (Fig. 132). They were still 



b d 

Fig. 132. Devonian brachiopods: a, Spnrifer; b, Spirifer; c, Stropheodonta; d, Pro- 
ductus. Somewhat reduced in size. (All from Md. Geol. Survey.) 

among the most numerous animals. Most of them still had straight 
hinge lines. Many spirijers, particularly the wide (“butterfly’’) types 
(Fig. 132a), were common and characteristic. Pentamerus was also 
represented by many species. 

Brachiopods declined in the Mississippian, though they were by no 
means uncommon. Certain important earlier Paleozoic genera (e.g., 
Pentamerus) were entirely gone. The important genus Spirifer greatly 
diminished in numbers and size of individuals. Perhaps the most im¬ 
portant Mississippian genus was Productus with many species and some 
of the largest known individual brachiopods. Straight-hinge line types 
still prevailed. 

A very fine illustration of the production of a dwarfed fauna due 
to unfavorable environmental influences is afforded by the diminutive 
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brachiopods and associated shells of the Salem limestone of Indiana. 
Since the species of these dwarfed forms are the same as those which 
grew to normal size elsewhere, it is evident that they must have lived 
in an unfavorable environment. 

A noteworthy fact about Pennsylvanian brachiopods was the almost 
world-wide distribution of some of the species, indicating either actual 
land bridges or at least shallow-water areas connecting all the continents. 

In the Permian brachiopods continued to be common with straight- 
hinged types, so abundant through the Paleozoic era. prevalent for the 
last time. 



Fic. 133. Ordovician pelecypods: a, Cardiola (Hall); b, Orthodebma? (Ruede- 

mann); c, Ambonychia (Hall). .Ml about natural size. 


Mollusks. These are still more highly organized than the brachio¬ 
pods, having more or less well-developed heads and locomotive organs. 
They are very abundant and diversified today, and many thousands of 
species are known only in fossil form. The simplest of these are the 
pelecypods which, like the brachiopods, live between two shells working 
on a hinge, but unlike the brachiopods, these shells are not symmetrical 
with reference to a plane cutting them at right angles to the hinge line. 
The earliest known pelecypods are from the Ordovician (Fig. 133) after 
which they developed greatly during Paleozoic time. 

Paleozoic pelecypods, like their modern representatives (e.g., clams 
and oysters), appear to have thrived unusually well where muds and 
sands were being deposited, and they are therefore much more numerous 
as fossils in the Upper Ordovician shales and sandstones. One impor¬ 
tant contrast for the reader to keep in mind is the distribution of the 
pelecypod bivalves through geologic times as compared with the brachio- 
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Fig. 134. Cambrian gastropods: a, 

Aiatherella; b, Pelagiella. One-half 
natural size. (After Walcott.) 


Fig. 134A. Ordovician gastropods; 
a, Maclurea (Salter) ; b, Ophileta 
(Vanuxem). One-half size. 


pod bivalves. Brachiopods were very abundant and more varied than 
pelecypods in the earlier Paleozoic periods, but they have steadily de¬ 
clined almost to extinction at the present time, while pelecypods have 
steadily increased in numbers and variety to recent time. 

Gastropods possess distinct heads, eyes, and tentacles. They inhabit 
one-chambered, more or less coiled shells. They have ranged from earli¬ 
est Paleozoic time to the present (Fig. 134). A remarkable fact about 
them is that through all of those many millions of years they have per¬ 
sisted with no really conspicuous evolutionary change. From their mea¬ 
ger beginning in the Cambrian they have, however, gone on increasing in 



FiJ. 135. Middle Ordovician (Chazy) gastropods, Maclurites, embedded in lime¬ 
stone. About two-thirds natural size. Chazy, New York. (Photo by courtesy 
of the Smithsonian Institution, Washington, D. C.) 
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variety of forms and number of individuals to the present, there now be¬ 
ing fully 20,000 known species. Several species of the earliest known 
land snails have been found in Pennsjdvanian strata. 

Cephalopods represent the highest mollusks with well-defined foot 
structures, heads armed with tentacles, and large complex eyes. The 
more primitive forms are the chambered cephalopods, so called because 
the external shell is divided into compartments which are successively 
built up and abandoned by the animal as it grows. The higher (non- 
chambered) types did not exist in the Paleozoic. 

All known Cambrian forms were primitive types and not very 
common. 



Fig. 136. Ordovician cephalopods; a, Orthoccras (Hall); b, Cyrtoceras (Hall); 
c, Trochoceras-like form (Silurian specimen after Barrande); d, Trocholites 
(Hall). Natural sizes two to four times larper. 


“The largest, most powerful, and perhaps the most predaceous of the 
known forms of Ordovician life were the cephalopods, which seem to 
have developed into prominence with extraordinary suddenness. Unless 
the fishes, of which very little is known, contested their supremacy, they 
were doubtless the undisputed masters of the sea. Their relics first ap¬ 
pear at the time of the transition from the Cambrian to the Ordovician, 
but they were then so far advanced and so widely differentiated from 
allied forms as to render it probable that they had already lived a long 
time. . . . Some of the shells were 12 or 15 feet in length, and a foot 
(maximum) in diameter. From this great size they ranged down to or 
below the size of a pipe stem.”^ These cephalopods all belonged to 
the tetrabranch or chamber-shelled subdivision of the class. 

* Chamberlin and Salisbury; College Geology, pp. 525-527. 
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The tetrabranch cephalopods, for two reasons, constitute one of the 
most interesting and instructive illustrations of evolutionary changes, 
ranging from the Early Paleozoic to the present time, first because we 
have such an abundant record in the rocks of all these periods, and 



Fig. 137. Restoration showinc various forms of life on the Silurian sea bottom of 
the western New York reeion. Shown are two crinoids with arms opened up; 
two chamber-shelled cephalopods, one straight and the other slightly curved; 
several species of trilobitcs; various kinds of brachiopods and gastropods; and 
seaweeds. (Photo b> C. K. Simmons, courtesy of the Buffalo Museum of 
Science.) 
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Fig. 138. Restorations of Upper Devonian life of New York. Glass sponges (at left), closc-coilcd chambered cephalopod (at left 
middle), straight chambered cephalopod (at right middle), stalked echinoderm or “stone lily” (at right), fishes, astcrozoans, 
and pelecypods. (Courtesy of the New V'ork State Museum.) 
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second because the evolutionary changes have expressed themselves in 
the external or shell portions in a remarkable and easily recognizable 
manner. The only known Cambrian tetrabranchs were of the very 
simple, straight, or curved chamber-shelled types like the Orthoceras and 
Cyrtoceras. In the Ordovician the straight form was still dominant, 
but many advances were made giving rise to more curved forms, open- 

coiled forms, and close-coiled forms. 
All of these forms (Fig. 136) 
belonged to the nautiloid divi¬ 
sion of the tetrabranchs, that is, 
their septa or chamber partitions, 
where in contact with the walls of 
the shell, were straight or at least 
very simple. Close-coiled nauti- 
loids of the Ordovician greatly re¬ 
sembled the modern pearly nau¬ 
tilus, which is one of the very few 
living representatives of the now 
almost extinct nautiloids (Fig. 
403). The persistence of these 
simple close-coiled forms from the 
Ordovician to the present is note¬ 
worthy. Restorations of straight and close-coiled Silurian and Devo¬ 
nian nautiloids are shown in Figures 137 and 138. 

Chambered cephalopods showed a significant evolutionary change in 
the Devonian with the introduction of the ammonoids (Fig. 139) in 
which the septa or partition junctions were angular or irregular instead 
of simple or straight as in all previous forms (nautiloids). As we shall 
see, this irregularity of partition structure gradually evolved into more 
and more complex forms, reaching a maximum in the Mesozoic era. 
(See table on page 334.) Examples of later Paleozoic ammonoids are 
shown by Figures 140 and 141. 

Many nautiloid types still persisted in the later Paleozoic, but these 
simpler forms (straight and slightly curved) were greatly reduced in 
prominence. The coiled nautiloids probably reached their climax of 
development, in regard to both numbers and diversity of forms, in the 
Mississippian. 

In the Permian some earlier Paleozoic types of nautiloids (e.g., 
Orthoceras) still persisted, and certain species of the modern genus 
Nautilus were added. Permian ammonoids, because of their rather 



Fic. 139. A Devonian ammonoid 
showing subangular sutures or com¬ 
partment partitions. (After Pictet.) 
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complex partition structures, were really more suggestive of Mesozoic 
ammonites than of Paleozoic nautiloids (Fig. 141)- 


Arthropods. These comprise the highest sub-kingdom of all inver¬ 
tebrate animals. They are characterized by longitudinal body segmenta¬ 
tion, jointed appendages, and usually a pair of nerve centers in each 
segment. The simplest forms are the crustaceans (e.g., lobsters) which 
breathe by means of gills or through the body, have well-developed feel¬ 
ers, and a thin shell cover. The wholly extinct race of trilobitcs, classed 
among low-order crustaceans, were among the most common, interesting, 
and geologically important of Paleozoic animals (Figs. 144, 145)- They 



Fic. 140. A Pennsyl¬ 
vanian ammonoid. 
Natural size. (After 
Meek.) 



Fic. 141. A Permian ammonoid, 
Waagenoceras (White) showinp 
hiphly folded suture (partition) 
lines. About natural size. 


are the simplest and most primitive of all arthropods, probably having 
evolved from a wormlike animal. They were progenitors of higher types 
of arthropods. We have seen that the threefold subdivision of the Cam¬ 
brian system is based upon the changes in the trilobite fauna. Examples 
of the most characteristic Cambrian genera are shown in Figure i 44 * 
They were inhabitants of the sea, and they were among the most highly 
organized animals of the time. Trilobites persisted only until the close 
of the Paleozoic era, and they were especially numerous in the earlier 
periods of that era. The name trilobite refers to the three-lobed char¬ 
acter of the body. The creature possessed a distinct head-shield with 
compound eyes, and a more or less distinct tail-shield. Between the 
shields there was a highly segmented body portion. They ranged in 
length from an inch or less to about 2 feet. Nearly all of them crawled 
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on the shallow sea bottom. “The trilobites display an extraordinary 
variety in form and size, in the proportion of the head and tail-shields, 
in the number of free segments, and in the development of spines. Al¬ 
ready in the Cambrian this wealth of forms is notable, though far less 
than it became in the Ordovician. As compared with those of later 
times, the Cambrian trilobites are marked by the (usually) very small 



Fig. 142. Bits of Ordovician sea-bottom; a, brachiopod shells on limestone; b, 
crinoid, bryozoan, brachiopod, pelecypod, gastropod, and cephalopod remains 
in calcareous sandstone. About two-thirds natural size. 


size of the tail-shield, the large number of free segments, and their 
inability to roll themselves up.” ' 

Trilobites, which were the chief Ordovician arthropods, then reached 
their climax or culmination of development in numbers and species, more 
than a thousand species being known from this period alone (Fig. 145). 
These animals, after the brachiopods, appear to have been among the 
most numerous animals of the time. Their variation in size was much 
like that of the Cambrian, but their eyes were usually larger and better 
developed. Many Ordovician forms could roll themselves up. shrimp- 


^ W. B. Scott: An Introduction to Geology, and ed., p. 556. 
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Fio. 143. A bil of Silurian sca-b<.tt( m. Shewn cn a p ecc of limesionc arc shells 
or shell-fragments of crinoids (disklike segments); brachiopods (several spe¬ 
cies); gastropods; bryozoans; and trilobite fragments. Somewhat reduced. 
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Fic. 144. Cambrian trilobiles, restored forms: a, Olenelliis, characteristic of the 
Lower Cambrian; b, Paradoxidcs, characteristic of the Middle Cambrian; c, 
Dikellocephalus, characteristic of the Upper Cambrian. (From Chamberlin 
and Salisbury’s “Geology,” permission of Henry Holt and Company.) a, c, 
s'mewhat reduced; b, or.e-sixth natural size. 






PALEOZOIC LIFE 


243 


like, in order to protect their soft undersides. With the rise of 
powerful enemies, first the giant cephalopods and then the fishes, the 
trilobites declined. 

Silurian trilobites were perhaps more diversified than in any other 
period. “Like the decadent nations revealed to us in human history, 
they indulged in extravagant and futile eccentricities, ill befitting their 
approaching overthrow. Odd and highly ornate forms appeared in pro¬ 
fusion, and in most instances the spines, tubercles, and horns which they 
produced seem to have had little or no real value in their life activities. 
We shall see in studying later periods that similar eccentricities mark the 
fall of other groups, such as the ammonites and the reptiles.” - 

Many Devonian trilobites had fantastic body ornamentations. 
After the Devonian, they declined to extinction in the Permian. 

Ostracods first appeared in the Ordovician. They are minute two- 
shelled crustaceans which existed in a great variety of forms, and in 
countless numbers in the Middle and Late Paleozoic shallow seas. They 
are very useful as index fossils. 

Arachnids (e.g., eurypterids) are only sparingly known from the 
Cambrian. They were more common in the Ordovician. The euryp¬ 
terids greatly increased in numbers, species, and size, and they appear to 
have culminated in the Silurian. The following brief description, to¬ 
gether with an examination of Figures 146, 147, will serve to give a fair 
idea of the appearance and structure of these remarkable creatures. In 
the typical eurypterid, a quadrate or semicircular head had behind it 
twelve movable segments making up the abdomen, and attached to the 
last segment was either a spine or plate-like tail. The five pairs of 
appendages all came out from the head portion, thus being markedly 
different from the trilobites. The first pair of appendages were much 
enlarged, sometimes provided with pincers and sometimes not, while the 
fifth pair were usually long and they served as swimming paddles. They 
varied greatly in size, one species, from the Silurian, having attained a 
length of over 6 feet and so was one of the largest known arthropods. 
Many eurypterids appear to have been marine animals, while others 
probably lived in fresh or brackish water lagoons. 

The arachnids included also the earliest known scorpions (Fig. 148) 
which were in many respects similar to the eurypterids. These scorpions 
are to be classed among the very early, if not earliest, definitely known 
land or air-breathing animals to inhabit the earth. 

Eurypterids probably culminated in the Silurian, but Devonian forms 

’ Blackwelder and Barrows: Elements of Geology, pp. 352-.^5,i. 
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Fio. 146. A Silurian eurypterid, Eurypteris, restored to show top side. One-half 
natural size. (After Clarke and Ruedemann, N. Y. State Museum.) 



Fic. 147. A Silurian eurypterid, Pterygotus, restored to show bottom side. This 
creature grew to be fully 6 feet long. (After Clarke and Ruedemann, New 
York State Museum.) 
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were prominent and often remarkably large, one type having reached 
a length of 8 feet. Then they steadily diminished and died out by the 

end of the Paleozoic era. 

Spiders and myriapods made their first known appearance in the 
Devonian. Scorpions are also known. It is significant that the last 
three named were all air-breathers. 



Fig. 148. A Silurian scorpion, Paleophonus, by Hunter after Peach. (From Le 
Conte’s “Geology,” permission of D. Appleton and Company.) 


Certain other arachnids, related to the modern horseshoe crabs, have 

been found in later Paleozoic rocks. 

Insects, including the oldest known fossil forms, occur in Pennsyl¬ 
vanian rocks. Their appearance marked a notable advance in the evo¬ 
lution of invertebrate life because they include the most highly organized 
of these creatures. As would be expected in accordance with the abun¬ 
dant and favorable plant environment, the insects showed a notable 
development. Many hundreds of species are known from the Pennsyl¬ 
vanian of America alone. Nearly all were of simple types belonging to 
the orthopters and neuropters, which orders are represented by modern 
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a 


Fig. 149. Pennsylvanian arachnids: a, scorpion, Eoscorpius (Meek and Worthen); 
b, spider, Anthrolycosa (Beecher). (From Le Conte’s “Geology,” permission 
cf D. Appleton and Company.) 


grasshoppers, cockroaches, caddisflies, etc. Somewhat higher types may 
possibly have been present, but the highest insects, such as butterflies, 
bees, ants, etc., are not known to have existed. Two other noteworthy 
facts regarding Pennsylvanian insects are: (i) Their great size, some 
having had a wingspread of from i to feet (Fig. 150); and (2) 
the existence of three pairs of wings on some species. Probably 
the most common of all Pennsylvanian insects were the cockroaches, 
hundreds of species being known. Some specimens are several inches 
long. A primitive type of dragonfly had a wing spread of about 2>^ 
feet (Fig. 115). 



Fic. 150. A Pennsylvanian insect, Corydaloides (Brongniart). This insect hai 
a wingspread of 18 inches. (From Le Conte’s “Geology,” permission 0. 
D. Appleton and Company.) 
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Permian insects were generally low-order types much like those of 
the Pennsylvanian, but they were more numerous and in greater variety 
of forms.' Literally tens of thousands of insect remains, representing 
numerous species, have been taken from Permian strata. 

A distinct advance in the insect world was the first appearance of 
beetles in Late Permian time. High-order, modern types of insects were, 
however, completely missing. 


Vertebrates 


Simplest Vertebrates. From the standpoint of evolution, perhaps 
the most significant feature of the Ordovician is the occurrence of the 
earliest known vertebrates. These were very primitive fishlike forms 
such as ostracoderms. which have been found in Ordovician strata at 
certain places in Colorado and Wyoming. The fossils are mostly very 
fragmentary, consisting chiefly of scales or plates, but some nearly com¬ 
plete dermal plates are known. Certain toothlike remains, possibly 
representing a very low-order fishlike creature, have been reported from 

the Lower Ordovician of Tennessee. 

The only known Silurian vertebrates were of very simple types, such 

as the ostracoderms and primitive fishes, probably sharks. .Ml of the os- 
tracoderms were small, odd-shaped creatures, but rather closely related 
to the more prolific Devonian forms described under the next caption 

When we consider the fact that fully one-half of known geological 
time had passed before the close of the Silurian, it is a remarkable fact, 
from the standpoint of evolution, that vertebrate life had made not more 
than a meager beginning by Silurian time. This fact is even more im¬ 
pressive when we realize something of the tremendous advances made by 
the vertebrates and the great variety of their forms which have inhabited 
the earth since Silurian time, as outlined in the following pages of this 


^"“The primitive, very low-order vertebrates are of unusual significance 
because they were the progenitors of the great groups of higher verte¬ 
brates which gradually became more complex and diversified, and finally 

culminated in man himself. 

“Before mammals, before the birds, the reptiles, the amphibians 
came fishes, and paleontologists and zoologists generally agree that all 
these vertebrate animals, high and low. can trace their ancestry back to 
the marine creature who first encased his spinal cord in a hard protective 
covering which gave his body rigidity with suppleness. ... There exist 
to this day living forms which are believed to closely resemble this 
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ancestral vertebrate who lived so many millions of years ago that we 
hesitate to count them These are the lowly lancelets, . . . The lance- 
let, generally classed among the fishes, although not a true fish, usually 
reaches a length of only a couple of inches” (S. F. Hildebrand). The 
lancelet has no jaws—the mouth being a lengthwise slit—has no true 
vertebrae, but has a cartilaginous rod through the body; and has no 
hard parts, limbs, or fins. The modern lamprey eels are a step higher 
in the scale of life. Neither lancelets nor lampreys are known in fossil 



Fig. 151. Devoninn ostracoderms; a, Pterichthys, restored (Dean after Wood¬ 
ward); b, Treniataspis, restored (after Patten). Somewhat reduced in size. 


form, but certain forms zoologically similar to them have been found in 
the earlier and Middle Paleozoic rocks. 


Ostracoderms. These curious and bizarre forms also represent a 
very simple class of the vertebrates. For a long time they were classed 
as simple fishes, but recent study has led some to believe that they were 
really transition forms between the highest invertebrates (arthropods) 
and the fishes which rank very low among the vertebrates. 

According to \V. K. Gregory, the ostracoderms were ancestral “ver¬ 
tebrates from which were derived, on the one hand, the so-called jawless 
cyclostomes, or lampreys and hags, and on the other hand, the jaw- 
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bearing vertebrates, comprising true fishes, amphibians, reptiles, birds, 
and mammals.” 

A characteristic feature was the cover or armor of bony plates de¬ 
veloped in the skin over the head and fore part of the body, hence the 
name, which literally means “shell-skin.” The real part of the body 
was generally covered with scales. Some had vertebrated tail fins and 
were fishlike in appearance (Fig. 151a). They were rarely if ever more 
than lo or 12 inches long. Some had a pair of jointed flippers or 
swimming paddles extending out from the fore part of the body, but 
none had true paired fins like the fishes. The vertebral column was 
of cartilage (gristle). The eyes were close together near the top of the 
head. They did not possess true jaws in the vertebrate sense of that 
term, but rather the simple jawlike portions moved over each other 
laterally as in many arthropods (e.g., beetles). 

Ostracoderms started in the Ordovician, reached the zenith of their 



Fic. 152. A Paleozoic (early Mississippian) selachian or shark, Cladoselache fyleri. 

(Restored by Dean.) Much reduced in size. 

development in the Devonian, and, so far as known, they became extinct 
during the same period. 

Fishes. Because of the profusion of fishes, the Devonian is often 
called the “Age of Fishes.” Their abundance, together with their im¬ 
portance as bearing upon the evolution of the vertebrates, requires that 
considerable attention be devoted to the fishes here. In our discussion of 
the geological history of fishes, the following important groups only will 
be recognized: (i) selachians (“cartilage fishes”), now uncommon, but, 
e.g., sharks; (2) dipnoans (“lung fishes”), now rare, but, e.g., Ceratodus 
of Australian rivers; (3) arthrodirans, now wholly extinct; (4) ganoids 
(“lustre” fishes), now uncommon, but, e.g., gar pike and sturgeon; and 
(S) teleosts (“perfect bone” fishes), now the most abundant of all fishes, 
e.g., trout, salmon, cod. 

Selachians are the simplest of all true fishes, and they comprise the 
oldest group of living fishes, dating back at least to the Silurian. Their 
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skeletons are wholly cartilaginous, the only hard parts being the teeth 
and fin spines which are commonly preserved as fossils. The arrange¬ 
ment of separate gill slits in the throat wall is a more eellike than fish¬ 
like feature. Simple, paired fins are present, but scales or plates are 
absent. They were common in the Devonian seas, and also probably in 
lakes and lagoons. Fig. 152 exhibits a typical Paleozoic species which 
is very similar to living forms. 

Mississippian sharks showed an extraordinary development in num¬ 
bers and species. They were doubtless the most prominent of all fishes 




c 

Fig. 153. Devonian fishes; a, dipnoan, Dipterus (restored by Traquair); b, arthro- 
diran, Coccosleus (restored by Woodward); c, ganoid, OsteoUpis (restored by 
Nicholson). All about one-fourth natural size. 

of the time, many hundreds of species being known. Teeth and spines 
are the most numerous fossils. In sharp contrast with most modern 
forms, many species had the mouths lined or paved with rough plate- 
like teeth probably suitable for grinding such shelled animals as brachio- 
pods, pelecypods, etc. The spines were doubtless provided for defense 
against more predaceous fishes. 

Dipnoans are remarkable in being able to breathe both in water and 
air, since they have both gills and lung, the air bladder being more or less 
used as a lung. They were abundant during Devonian time. Figures 
1533 and 156, No. 2, show a common Devonian type which is remarkably 
similar to the modern lungfish {Ceratodus). Note the paddle-shaped 
paired fins, suggesting primitive legs, and the covering of scales. Their 
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skeletons were cartilaginous. Their limblike fins and peculiar lunglike 
air sacs were more amphibian-like than fishlike characters. Some dip- 
noans still exist in the upper Nile River and in certain rivers of Aus¬ 
tralia. 

Crossopterygians, often called lobe-finned fishes, were externally 
rather similar to the dipnoans, especially in regard to the paired lobate 
fins. Their intricate (labyrinthine) tooth structure, nature of the skull 
bones, limblike fins, and air-breathing capacity combine to show even 



Fig. 


154 Restoration of the Devonian crossopterygian, Eusthenopteron. or so- 
called “lobe-finned fish.” Length, about 2 feet. Re.stored by F. Jacques. 
(Photo by courtesy of the American Museum of Natural History.) 


Stronger affinities with the amphibians of later Paleozoic time. The 
amphibians very probably evolved from the crossopterygians, and, if so, 
they are of particular importance in the evolutionary record of the verte¬ 
brates. 

Arthrodtrans comprise a remarkable group of fishes now wholly ex¬ 
tinct. They were common in Devonian time, but declined in the Late 
Paleozoic. Figure 153b shows an example of a well-known genus (Coc- 
costeus) from the Old Red Sandstone. Note the bony armor covering 
the fore part of the body, thus suggesting the ostracoderms, though the 
paired fins and true jaws supplied with teeth place them with the fishes. 





252 




HISTORICAL GEOLOGY 

The spinal cord was of unsegmented cartilage. Other forms closely 
related to Coccosteus were remarkable for size, some having attained 
lengths up to 20 or 25 feet. Arthrodirans were probably the most for¬ 
midable denizens of the Devonian seas. 

Ganoids were among the most highly organized and abundant fishes 
of Devonian and Late Paleozoic times. These were characterized by a 

covering of small lustrous plates or bony 
scales, usually rhomboid and set together 
like tile, rather than by overlapping as in 
typical modern fishes. The little ossified 
skeletons were largely cartilage, though in 
later periods they were more ossified as in 
the few modern representatives. Their 
internal tooth structure was usually in 
folds (Fig. 159), a forerunner of the more 
complicated tooth structure of amphib¬ 
ians of later Paleozoic periods. A typical 
Devonian ganoid is shown in Figures 153c 
and 156, No. 4. 

TeleostSy which are the most common 
and typical modern fishes, were entirely 
absent from the Devonian. In these the 
skeletons are completely ossified and the 
body is nearly always covered with over¬ 
lapping scales. In marked contrast with 
the Devonian fishes, teleosts always have 

non-vertebrated tail fins. 

General Observations on Devonian Fishes, (i) All were of simple 
types. The most typical and highly organized fishes, so common today, 
did not exist in the Devonian, and even the ganoids were of primitive 
types. 

(2) All had essentially cartilaginous skeletons. The vertebral col¬ 
umn and other portions of the skeleton were little ossified (i.e., changed 
to bone). 

(3) All had vertebrated tail fins. The vertebral column extended 
through the tail fin and gave off fin rays to support a lobe above and 
below. Sometimes this tail fin W'as symmetric and sometimes asym¬ 
metric. Most modern fishes (teleosts) have non-vertebrated tail fins, 
the fin rays being sent out from a plate at the end of the vertebral 
column. 



Fig. 155. Types of fish tails; 
a, vertebrated symmetric; b, 
vertebrated non-symmetric; 
c, non-vertebrated symmet¬ 
ric. (Redrawn after Le 
Conte.) 
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(4) They were generalized types. “Along with their distinctive fish- 
characters, they combined others which connect them with higher 
vertebrates, especially amphibians, and still others which are found in 
the embryos of teleosts. The most important connecting characters . . . 
are: (fl) An external protective armor of thick bony plates or scales such 
as were possessed by early amphibians, and by many reptiles of the 
present time; (b) Large conical teeth channelled at the base, and of 
labyrinthine structure on section. This structure was very marked in 
earlj' amphibians: (r) A cellular air bladder . . . capable of being used 



Fig. 157. A small Pennsylvanian amphibian, Diplovertebron. Restored by F. 

Jacques. (Photo by courtesy of American Museum of Natural History.) 

to some extent as a lung; {d) In many cases paired fins which had 
something like jointed legs running through them; (e) The tail fin verte- 
brated as in reptiles.” ^ The most prominent embryonic characters 
were the cartilaginous skeleton found only in the embryonic stage of the 
typical modern fishes (teleosts), and the vertebrated character of the tail 
fin. 

Generalized or synthetic types, so well illustrated by Devonian fishes, 
are of great importance in considering the evolution and geological 
history of organisms. 

* J. Lc Conte: Elements of Geology, p. 356. 
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Amphibians. These animals rank next above the fishes, having 
evolved from certain types of the latter in Middle Paleozoic time. 
Footprints and some bones are known from the Devonian rocks, but 
Mississippian, Pennsylvanian, and Permian strata have yielded nu¬ 
merous and varied fossil forms. Then as now they breathed by gills 
when young and by lungs when adult, and they had large, bony, rooflike 
skull plates. Amphibians are relatively unimportant among the verte¬ 
brates of today, but in later Paleozoic time they were important, reach¬ 
ing their culmination in numbers, complexity, and diversification of size 
and forms. 

The appearance of amphibians, representing the first known land 



Pjq 158. ^ Pennsylvanian amphibian (labyrinthociont), Eryops. This creature 

attained a length of 6 or 8 feet. (Courtesy of the American Museum of 
Natural History.) 


vertebrates as early as the Devonian, marked a very significant advance 
in the evolution of life. The first skeletal remains of Devonian am¬ 
phibians were found in Greenland in 1928. They were popularly 
called “four-legged fish,” but they were really primitive amphibians 
{Labyrinthodonts) in certain respects closely related to the lobe-finned 
ganoid fishes from which they were no doubt descended. They were 
several feet long. 

All Mississippian and Pennsylvanian amphibians are often classed 
together as stegocephalians, so-called because of the relatively large, 
bony, rooflike plates of the skulls. 

The Pennsylvanian was probably the culminating period of the 
amphibians. In regard to the principal forms of Pennsylvanian am- 
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phibians, S. \V. Williston^ has said; “The predominating types of the 
Pennsylvanian were what we usually call the branchiosaurs and the 
microsaurSf for the most part small or very small creatures, at least as 

small as their nearest living relatives of 
the present time, the salamanders. We 
are quite justified in the belief that their 
habits in general were not greatly unlike 
these descendants, rather sluggish crea¬ 
tures living about or in the water, for the 
branchiosaurs at least passed through lar¬ 
val stages. They were more or less pro¬ 
tected by an external bodily armor against 
their enemies, whether of their own or other kinds, in all probability 
terminating their existence as distinctive types long before the close 
of the Paleozoic. But among them there were some classed with the 
heterogeneous group which we call microsaurs, which had made a 
very distinct advance, both toward a higher existence and away from 
the water. . , . Some lost the dermal armor completely and became 
fleet of movement, as is evidenced by the structure of the limbs, limbs 
mimicking in form and structure so closely those of modern quick-run¬ 
ning lizards as to be practically indistinguishable.” 



Fig. 159. Structure of a 
fianoid tooth. (After Agas¬ 
siz.) 



Fig. 160. Transverse section of a labyrinthodont tooth. (After Owen from Nor¬ 
tons Elements of Geology,” by permission of Ginn and Company, Publishers.) 


The labyrinthodonts, and certain other closely related forms, com¬ 
prised another important group of Pennsylvanian amphibians. They 
are so named because of the peculiar, labyrinthine, internal tooth-struc¬ 
ture (Fig. 160). They were the gigantic land vertebrates of the period, 
some having reached a length of 7 or 8 feet (Fig. 158). 

Permian amphibians were much like those of the Pennsylvanian, but 
’ Outlines of Geologic History, 1910, p. 164. 
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some were even larger, new species were addeil, and more reptilian fea¬ 
tures were developed in some of them. 

Reptiles. The abundance of true reptiles in the Permian period 
strongly suggests their earlier differentiation from the amphibians. 
According to Williston: “We may be assured that some of them (am¬ 
phibians). before the close of the Pennsylvanian, were inhabitants of 
high-and-dry land regions where fleetness of movement, rather than 



Fig. i6i. A Permian reptile (pelycosaurian), Naosaurm claviger. (After Osborn 
from Scott’s “Geology,” permission of The Macmillan Company.) 


obscurity, preserved them from their enemies, crawling reptiles in every¬ 
thing save some insignificant technical details of their plates. More 
recent discoveries show that some primitive, true reptiles existed during 
the Pennsylvanian, but they were much like amphibians with short legs 
scarcely carrying their thickset bodies above ground, and with armor- 

plated heads like the stegocephalian amphibians. 

A Permian creature of special evolutionary interest was Seymouria 
(Fig. 163) which may be classified as either a primitive reptile or a 

reptilian amphibian, probably better the former. 

There may be doubt about the existence of true reptiles in the 
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Pennsylvanian, but there is no question about the abundant reptilian 
records of the Permian. Phcy developed in a remarkable manner, so 
that before the close of the period several important subclasses or orders, 
represented by many individuals, were evolved. Some of the reptiles 
already began to show rather distinct mammalian characteristics. These 



Fio. 162. Restoration of a Permian fin-backed pclycosaurian reptile. Dimetrodon. 
Length, about 8 feet. Restored by F. Jacques. Figure 161 shows the skeleton 
of a similar reptile. (Photo by Courtesy of .^merican Museum of Natural 
History.) 


were well represented by the Theriodonts which appeared in the Late 
Permian. These are described in the discussion of Mesozoic reptiles and 
illustrated by Figure 238. 

Summary of Paleozoic Life 

Viewed in a broad way, the life of the Paleozoic was distinctly dif¬ 
ferent from that of the succeeding Mesozoic or Cenozoic. Very few 
species and not many genera passed from the Paleozoic to the Mesozoic, 
and even the larger groups of organisms which did continue usually 
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underwent important structural changes. Paleozoic organisms were the 
more primitive in structure, and it has been aptly said that they bear 
somewhat the same relation to the succeeding forms that the embryo 

does to the adult. 

Of plants in the earlier Paleozoic only the simplest seedless plants 
are known, while in rocks of later Paleozoic age there are abundant 
records of higher seedless plants, such as pteridophytes. arthrophytes. and 



F.C,. .63. A Permian 

Jacques. CPhoto by courtesy of 

American Museum of Natural History.) 


lepidophytes, and also seed-bearing gymnosperms. Ang.osperms (typi¬ 
cal flowering plants) are wholly unknown from the 

the later forests and foliage of the era must have presented « "P. 

pearance because of the lack of true flowermg plants as 

mday. Perhaps the most significant feature of Paleozoic plants was 

their evolution from single-celled water dwellers very early m the era 
through spore-plants to see plants (excepting ang.osperms) by the close 

pf the era. 
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TABULAR SUMMARY OF PALEOZOIC LIFE 



Plants 

Protozoans 

Poriftfs and CtrlenUratts 

Echinodtrms 

Pfrmi \n 

rhallophyte^. 

Bryophytes. 
Pteridophylcs. 
Arthrophytes. 
Lepidophytes. 
(Jymnosperins: Ptcrido- 
sperms, cycads, corda* 
ites, conifers. 

Foraminifers: 
Very com¬ 
mon. 

Radiolarians: 

Present. 

Sponges: Present. 

Corals: Ancient Tetra- 
coralla still common, 
but first Hexacoralla 
appear. 

Cystoids: Become ex¬ 
tinct. 

Crinoids: Greatly dimin¬ 
ished. 

Asterozoans: Present. 
Echinoids: Present. 

Pfnnsyl- 

\ ANIAN 

Thallophyles. 

Bryophylcs. 
Plcridophyti^. 
Arthrophytes and lepido- 
phylcs: Common. 
Gymnospcrms: Pterido- 
spcrms and cordaitc^: 
Common. 

Foraminifers: 
\’ery abun* 
dant. 

Radiolarians: 

Present. 

Sponces: Present. 

Corals: Similar to Mis- 
sissippian but less com¬ 
mon. 

Cvstoids: Rare. 

Biastoids: Become ex¬ 
tinct. 

Crinoids: Declining. 
Asterozoans: Present. 
Echinoids: Rare. 

^^ISS1SS!P< 

PIAN 

Much like Devonian. 

Foraminifers: 
\'ery abun¬ 
dant. 

Radiolarians: 

Common. 

Sponges: Common. 

V iraptolites: \ ery rare 

and become e.xtinct. 

Corals: Cup and honey¬ 
comb forms only, and 
less prominent than in 
the Devonian. 

C^^stoids: Rare. 

Biastoids: Culminate and 
become rare. 

Crinoids: Culminate in 
numbers and sm< ies. 

Asterozoans: Not com¬ 
mon. 

Echinoids: Common. 

Dkvonian 

Thallonhytcs: 5>ea weeds 
an<l niaioms. 

Bryophytes? 

Ptcridophylcs. 

Arthrophytes. 

I.epidophytes. 

Gymnosperms: Simrlc 
types* c.R., pterido* 
s|>erms* cordaites. 

Foraminifers: 

Present. 

Radiolarians: 

Present. 

Sponges: Common. 

Graptolites: Decline al-' 
most to extinction. 

Corals: Cup and honey¬ 
comb forms greatly in¬ 
creased in numbers and 
size; chain corals rare 
and become extinct. 

Cystoids: Much dimin¬ 
ished. 

Biastoids: Still uncom¬ 
mon. 

Crinoids: Still increasing. 
Asterozoans: Abundant. 

1 Echinoids: Present. 

Sitl’RIAN 

Thallophytes: Seaweeds. 

Br>'ophytes? 

Pteridophytes: 

Ferns, but rare. 

1 

• 

Foraminifers: 
Present. 
Radiolarians: 
Present. 

1 

1 

Sponges: Common. 

Graptolites: Diminished 
in numbers and species. 

Corals: Increase in prom¬ 
inence and chain-corals 
attain their climax. 

Cvstoids: Prominent. 
Biastoids: Still rare. 
Crinoids: Increase in 
numbers and species. 
Asterozoans and echi- 
noids: Increase. 

Ordovician 

Thallophytes: Seaweeds. 
B^’ophytes? 

Higher seedless plants? 
Fernlike plants 
(Psilophytales). 

Foraminifers: 

I Abundant. 
Radiolarians: 
Abundant. 

Sponges: Very common. 

Graptolites: Reach cli¬ 
max in numbers and 
species. 

Corals: Common, c.g.. 
cup. honey-comb, and 
chain forms. 

Cystoids: Culminate. 

Biastoids: First appear 
and rare. 

Crinoids: First appear 
and common. 

Asterozoans and echi¬ 
noids: First appear. 

Cambrian 

Thallophytes: AIct. 
Primitive land < plant 
spores? 

Foraminifers: 

Present. 

Sponges: Common. 
Hydrnzoans: Graptolites 
and jellyfishes, both 
common. 

Corals: Present? 

Cystoids: Primitive 
forms and rare. 
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TABULAR SUMMARY OF PALEOZOIC Continued 


Bryozocns and 
Brachiopods 

Sfollusks 

Arthropods 

VertehraUs 

Bryozoans: Abundant. 1 
Brachiopods: Still com- 
mon» with new species; 
straight-hinged forms < 
still prevail. ^ 

Pelecypods: Greatly in- ‘ 
creased In numbers and 
species. ^ 

Gastropods: Common. 
Cephalopods: Some earlier 
forms still persist, but 
ammonoids (e.g., Waag- 
enoceras) now common 
and more complex. 

Trilobites: \*ery rare and 
become extinct. 

Ostracods: Abundant. 

Eurypterids: Become ex¬ 
tinct. 

Insects: Much like the 
Pennsylvanian, but bee¬ 
tles first appear. 

Fishes and amphibians: 
Sluch like the Pennsyl¬ 
vanian, but with new 
species. 

Reptiles: Many represent¬ 
atives of the lower or¬ 
ders. 

Bryozoans: Common. 
Brachiopods: Still declin¬ 
ing. but fairly common: 
straight-hinged forms 
prevail. 

Pelecypods; Still increas¬ 
ing. 

Gastropods: Common and 
first land form.s appear, 
Cephalopods: Similar to 
hlississippian, but nauti- 
loids declining and am¬ 
monoids more complex. 

Trilobites: Rare. 
Oslraco<ls: Abundant. 
Arachnids: Eurypterids 
still declining; spiders; 
scorpions. 

Myriapods: Common. 
Insects: Common and 
large; simpler types only. 

Fishes: Much like the Mis- 
sissippian. 

Amphibians: Culminate, 
e.g., stegoccphalians. 

Reptiles: Amphibian-like 
forms. 

Bryozoans: More abun¬ 
dant than in the Devo¬ 
nian. 

Brachiopo<ls: Declining 
but still common and 
with many new species; 
mostly straight-ninged 
forms. 

Pelecypods: More com¬ 
mon than before. 
Gastropods: Common. 
CcphalojKxls: Much litc 
the Devonian, but coiled 
nautiloids culminate and 
ammonoids are more 
complex. 

Trilobites: Rare. 
Ostracods: Abundant. 
Arachnids: Eurypterids 
declining. 

Myriapo<ls: Present. 
Insects: No fossils. 

Fishes: Selachians increas¬ 
ing; dipnoans declirung, 
arthrodirans declining; 
ganoiils increasing. 
Amphibians: Present. 

Bryozoans: Present. 

Brachiopods: Culminate 
in numMrs and species; 
many new forms added; 
mosUy straight-hinged 
forms. 

Pelecypods and gastro- 
p^s: Much like the Si¬ 
lurian. 

Cephalopods: Most earlier 
forms persist, but ammo- 
noids first appear, e.g.. 
Goniatilc. 

Trilobites: Decline mark¬ 
edly. 

Ostracotls: Common. 

Arachnids: Eurypterids 
declining, but still noU- 
bly large; spiders. 

Myriap^s: First known. 

Insects: Unknown. 

Ostracodernts: Culminate 
and become extinct. 

Fishes: \cry profuse, e.g., 
selachians, dipnoans, ar¬ 
throdirans and ganoids. 

Amphibians. 

Bryozoans: Abundant. 
Brachior>ods: Prominent 
in numi>crs and species; 
nearly all straight- 
hinged forms. 

Pelecypods and gastro¬ 
pods: Common and much 
like Ordovician. 

Cephalopods: Common 
and much like Ordovi¬ 
cian. but coiled nauti- 
loids predominate. 

Trilobites: Still common. 

Ostracods: Common. 

Arachnids: First scorpi¬ 
ons; eurypterids culrni- 
nate in numbers, species 
and size (?). 

Ostracoderms: Rare, small 
and primitive. 

Fishes: Selachians of prim¬ 
itive character and rare. 

Bryozoans: Abundant. 

BrachiorxKls: More com¬ 
plex, larger, and abun¬ 
dant; articulates pre¬ 
vail; and nearly all arc 
straight-hinged forms. 

Pelecypods: Fairly com¬ 
mon. 

• Gastropods: Common. 

Cephalopods: Very prom- 

• inent and all arc nauti¬ 
loids, e.g., Orthoceras, 
Cyrloceras, Trochoceras 
and Trocholilcs. 

Trilobites: Culminate in 
numl^rs and species. 
Ostracods: First known. 
Eurypterids: Present. 

Ostracoderms: Marking 
first appearance of verte¬ 
brates: specimens rare 
and very fragmentary. 

Bryozoans: Absent. 

Brachiopods: Small 
thin-shelled; inarticu 
lates prevail; some ar 
ticulates in the Uppe: 
Cambrian. 

Pelecypods: Not known. 

. Gastropods: Rare, simple. 
• Cephalopods: Rare, small 
- and simple; all nauU- 
r loids, e.g.. Orthoceras 
and Cyrtoceras. 

Crustaceans; Trilobites 
common and usually 
1 highly segmented and 
with small tail plates; 
i some very simple forms. 
Eurypterids: Rare. 

None. 







262 


HISTORICAL GEOLOGY 


The animals of the Paleozoic were predominantly invertebrates, 
though fishes were common in the Devonian and later periods, and am¬ 
phibians and reptiles appeared in the later periods. The first three 
Paleozoic periods were so greatly dominated by invertebrate animal life 
that, taken together, they may be called the Age of Invertebrates. 
Among the most common and characteristic types of invertebrates were 
graptolites, corals, stalked echinoderms (pelmatozoans), bryozoans, 
brachiopods, tetrabranch cephalopods (nautiloids especially), trilobites, 
and eurypterids. Certain of the higher arthropods such as spiders, 
myriapods (centipedes), and insects first appeared in the later Paleozoic. 

The accompanying chart has been devised by the writer for the pur¬ 
pose of bringing together the salient facts in the organic history of the 
Paleozoic era. Period by period the principal evolutionary changes in 
the sub-kingdoms and classes of organisms are shown. 

“A study of the Paleozoic faunas of North America shows that they 
were derived from three permanent oceanic realms. According to 
Schuchert, these were, in their order of persistence, the Gulf of Mexico 
mediterranean, which in reality is but the southern part of the northern 
Atlantic; the Pacific; and the Arctic. The faunas of the northern part 
of the north Atlantic were as a rule confined to the northeastern part of 
North America, though at times they spread into the interior basin. 
Pacific faunas at times spread completely across the continent to the 
foot of Appalachia. Arctic waters pulsated southward along the middle 
region of the continent far into the United States during the Ordo¬ 
vician and Silurian periods, and less positively at other times. Faunas 
from the Gulf of Mexico frequently spread far throughout the Missis¬ 
sippi Valley and Appalachian areas. They were at times also tinged 
with south European or South American forms.” ^ 

It seems to be a well-established fact that profound changes in the 
natural environment have produced fundamental changes in the plant 
and animal realms. Thus the Late Paleozoic and Early Mesozoic 
was a time of one of the most profound and far-reaching physical dis¬ 
turbances in the known history of the earth. Great mountains were 
being made in many parts of the world, particularly in eastern North 
America and in Europe; the lands were much increased in size and 
height; one of the two greatest known Ice Ages was a feature of the 
Permian; and the ocean waters were affected in various ways. These 
physical changes in turn caused climatic changes, altered habitats of 
plants and animals, and modified sources of food for the animals. Ac- 

’ G. R. MansAeld: U. S. G. S., Prof. Paper 152. 1927, p. 177. 
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companying these changes, the giant club mosses, seed ferns, and cordiates 
became extinct, while higher plants, such as cycads and conifers, began 
to clothe the earth. Large groups of animals, such as Tetracoralla, 
blastoids, orthoceras, trilobites, and eurypterids disappeared from the 
waters*, amphibians culminated; and Hexacoralla, insects, reptiles, and 

mammals made their appearance. 

It is a very significant fact, from the standpoint of evolution of life 
on the planet, that very few if any species of either plants or animals 
of Paleozoic time have continued to exist to the present day. In other 
words, since the Paleozoic era closed, all life, in regard to its myriads 
of species, has undergone a practically complete revolution. 


THE MESOZOIC ERA 


CHAPTER XIX 
THE TRIASSIC PERIOD 
Introduction 

Although the Mesozoic was quite certainly shorter than the Paleo¬ 
zoic, it had, nevertheless, an estimated duration of about 130,000,000 
years. As the name indicates, the Mesozoic was the era of transition be¬ 
tween the Paleozoic and the Cenozoic. Eastern North America had 
been to a large degree completed at the time of the Appalachian Revolu¬ 
tion, except for the addition of the Atlantic and Gulf Coastal Plain 
belts. In western North America, however, profound physical geog¬ 
raphy changes took place, bringing that part of the continent almost to 
its present condition, as regards relations of land and sea, only near the 
close of the Mesozoic. The life of the Mesozoic, too, was distinctly 
intermediate in character, those of the great groups of characteristic 
Paleozoic organisms which did continue into the Mesozoic having be¬ 
come extinct during the era, while many more modern groups showed 
great development during the era. Certain other important groups of 
organisms like the cycads, ammonites, and reptiles, were eminently char¬ 
acteristic of the Mesozoic and reached their culmination during the era. 

The name “Triassic” was given because of the threefold, extensive 
development of the rocks of the system where first studied in Germany. 
It so happens, however, that the German Triassic strata are not typical 
of the system, as shown by later studies in other parts of the world. 
Thus all important divisions of the Triassic system are better repre¬ 
sented by marine fossiliferous strata in middle and southern Europe. 
In North America the only marine Triassic strata occur in the Cordil- 
leran region where the well-developed system has, in various places, been 
carefully studied. Non-marine strata, including a grand display of Red 
Beds, in the western interior of North America are also worthy of special 

mention. 
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General Distribution of the Rocks 

Figure 164 shows the surface distribution of both Triassic and Juras¬ 
sic rocks in North America. The Atlantic Coast areas are wholly non¬ 
marine Triassic; the extensive western interior areas include much Trias- 



Fio. 164. Maps showinK the surface distribution (areas of outcrops) of Triassic 
and Jurassic strata in North America. Both systems are not everywhere repre¬ 
sented in these areas. All Atlantic Coast areas arc Triassic. 

sic, largely non-marine, stratified material; and the Pacific Coast and 
Alaskan areas contain a great assemblage of Triassic marine and volcanic 
rocks. There is no reason whatever to believe that Triassic rocks were 
ever deposited over Canada except along the western side and to some 
extent in Nova Scotia. Likewise it is not known that Triassic rocks 
ever occurred in the Mississippi Basin except immediately east of the 
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Rocky Mountains. This is in marked contrast with the Paleozoic sys¬ 
tems. Accordingly, the present concealed Triassic rocks and areas of 
their former presence are largely confined to the regions of existing 
outcrops. 

Representative Divisions of the Triassic System 

Table ii gives a good idea of the major divisions and subdivisions 
of the Triassic system in five widely separated parts of the United States. 
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TABLE II 


Description of the Rocks 

Rocks of the Atlantic Coast. These rocks {Newark series) are 
seen on map Figure 164 to occupy small, narrow areas just east of and 
parallel to the Appalachian Mountains from southeastern New York to 
South Carolina, and farther northward in the Connecticut River Valley, 
and in Nova Scotia. They are all non-marine. In the northern areas 
the rocks are sandstones and shales, with some coarse conglomerates, 
especially at the base. Because of their prevailing red color and gen¬ 
eral resemblances to the “Old Red Sandstone” (Devonian) of Scotland, 
they have been called the “New Red Sandstone.” Many of the beds 
show suncracks, raindrop pits, ripple marks, and footprints and remains 
of land reptiles (dinosaurs). In Virginia and North Carolina the rocks 
have a similar lithologic character, though the red color is not so com- 
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mon, and some workable coal beds occur. The fossils, which arc mostly 


plants in the dark shales, point to the Upper 
Triassic age of the Newark series. 

The rocks of the series are nearly every¬ 
where variably tilted and cut by normal faults, 
and they also contain numerous lava flows, and 
intrusive sheets of dark basaltic rock (Figs. 
165, 170). A remarkable feature is the great 
thickness of the rocks in these narrow belts, 
fully 3000 feet in Virginia; 7000 to 10,000 feet 
in the Connecticut Valley; and 10,000 to 
15,000 feet in New Jersey. 

Rocks of the Western Interior. The 
Triassic strata of the western interior region 
are distributed over nearly the same areas as 
the Permian, and in many places the rocks of 
these two systems are not sharply separated. 
Practically all known Triassic rocks of the 
western interior of the United States are lo¬ 
cated within the cross-lined area on Figure 
171. They are much like the Permian of this 
region, but they are even more typical of the 
so-called “Red Beds.” Sandstone and shale, 
with some conglomerate, limestone, and gyp¬ 
sum, are the predominant rocks. Some of 
these rocks are of restricted marine origin, but 
most of them are of either salt-lagoon or ter¬ 
restrial origin. Their thickness varies from 
a few hundred feet in the eastern part of the 
western interior to 2500 feet or more in Utah 
and Arizona. The Triassic strata are locally 
much folded in the mountains, but over wide 
areas they are nearly horizontal. 

Triassic rocks are wonderfully and widely 
exposed in the Colorado Plateau where the 
nearly horizontal strata lie from 5000 to 10,000 
feet above sea level. Because of their high 
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degree of sculpturing and coloring, as in the Painted Desert of Arizona, 
they form a striking feature of the landscape. The Triassic formations 




mm 


Fif., i66. An c-xposurc of tilted Triassic strata consisting of reddish brown, well' 
IxrUled sandstones and shales. Many excellently preserved, larce anrl smal 
rlinosaur footprints occur at this locality by the Connecticut River near HoKoke, 
Massachu'etts. (Photo b\' William Henry.) 


of the ('oloiaflo IMateaii (Table ii) are a variable assemblatie of shale, 
sandstone, conijlomeratc. limestone, and gypsum, reachin" a total thick¬ 
ness of 2000 to 3000 feet. The Lower Triassic Moenkopi formation 
consists mainly of red. gray, white, and yellow shale, sandstone, and 
conglomerate with some beds of salt and gypsum. It grades westward 
into marine limestone in Nevada. The maximum thickness of the 
formation is about 1700 feet. Middle Triassic is missing. The Lpper 
Triassic Shinariimp brown conglomeratic sandstone is seldom more 
than TOO feet thick. Resting on the Shinarump is the Chinle forma¬ 
tion. 400 to 1000 feet thick, and consisting mainly of vari-colored 
sandstones and shales together with much volcanic ash. Its colors are 
red. yellow, blue, and white. Petrified wood, including so-called Petri¬ 
fied Forests, is a distinctive feature of the formation. 

In southeastern Idaho the Triassic system is well represented, there 
consisting of about 5000 feet of limestone, shale, and sandstone. 

In Wyoming. Colorado, and New Mexico the Triassic system con¬ 
sists largely of shales and sandstones, usually red. and often upturned 
along the Hanks of the mountains. Upturned edges of Triassic strata 
completelx surround the Hlack Hills of South Dakota. 

26S 



THE TRIASSIC PERIOD 


269 


Red Beds. In view of the fact that so-called Red Beds are so 
unusually well represented in the Triassic system of North America, a 
brief account of their nature and origin is here given. Red Beds occur 
in nearly all important divisions of the geologic column. In the western 
interior of the United States they are particularly conspicuous in the 
Lower Permian, Triassic, and Jurassic of the Colorado Plateau. 

Typical Red Beds are sandstones, shales, and conglomerates often 
with associated beds of salt and gypsum. A red color predominates. 



Fic. 167. Horizontal “Red Beds” consistinjr of Interhedded red sandstone and shale 
with numerous concretions. Near Tuba City, northern Arizona 


but buff, gray, and white are also common. Stratification may be regu¬ 
lar or irregular, including cro5^s-bedding. Mineral grains, especi<tll\ 
feldspars, are usually fresh or little decomposed. Ripide marks and 
mud cracks are common, and animal tracks, and even raindrop imore.s- 
sions, may occur. Red Beds contain comparatively few fossils which 
are generally non-marine, but they may be in part restricted marine. 
Fossil land plants and land animals, often excellently preserved, may 
occur. Red Beds usually range in thickness from hundreds of feet to 

5000 feet or more. 

The facts just listed point to deposition of typical Red Beds under 
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arid or semi-arid climatic conditions in part on land, and in part under 
shallow water such as flood plains and playas where frequently changing 
conditions allowed the surface layers to lie exposed to the sun. 

Rocks of the Pacific Coast. These include the only true marine 
Tnassic rocks of North America, and they are there extensively devel¬ 
oped with practically all portions of the system from oldest to youngest 
well represented, particularly in California and Nevada. The rocks 
consist mostly of marine shales, limestones, conglomerates, and sand¬ 
stones, often associated with much volcanic material. They are often 
more or less metamorphosed, as in the Sierra Nevada Mountains. The 
Tnassic rocks of the Pacific Coast are usually several thousand feet 
thick, reaching a maximum of fully 13,000 feet in British Columbia. 
The rocks are usually much folded and often faulted. 

In California, Nevada, Alaska, and British Columbia the system 
contains great quantities of igneous material, mainly lavas and tuffs, 
reaching total thicknesses of thousands of feet. 

In central-eastern California marine Lower and Middle Triassic 

hio. i68. A magnificent exposure of nearly horizontal Triassic and Jurassic strata 

4000 feet in thickness. Taken together they are to be classified as Red Beds. 

formations m the picture are various shades of red. The thinner 

bedded formations, extending from the bottom of the exposure to the base of 

the great cliff, are Tnassic, including the Moenkopi, Shinarump, and Chinlc. 

The great cliffs consist of red sandstone overlain by white sandstone, both of 

which belong to the Glen Canyon group of Early and Middle Jurassic age. 

West Temple at the mouth of Zion Canyon, Utah. (Photo by courtesy of 
Union Pacific Railroad.) 
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shales and limestones 1500 feet thick (Fig. 169) are overlain by Upper 
Triassic shales and tuffs 5000 feet thick. In northern California the 
Lower Triassic consists entirely of volcanic rocks, but marine Middle 
Triassic shale and Upper Triassic limestone, with associated volcanics, 
are several thousand feet thick. In western Nevada the Triassic sys¬ 
tem, fully 20,000 feet thick, consists of marine strata with much inter- 
bedded volcanic material. The formations are listed in Table ii. 





Physical History 

Atlantic Coast. Basms of Deposition. Map FiRure 171 shows 
the areas of continental deposition in eastern North America durinR 
Late Triassic time. The non-marine formations (Newark ^erie^ 
Upper Triassic age clearly show by ‘heir nature, distribution and mode 

of occurrence that they were deposited in a series of 1 °"- 

basins under climatic conditions varying from and or 
The great thickness of the strata (maximum, 2 miles or more) strongly 
points to a subsidence of the basin floors while the deposition was in 
progress. Most of the rocks, which are well stratified, may be called 
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Red Beds, but their color is by no means always red. The Newark 
series generally consists of conglomeratic sandstone upon which lie in 
turn sandstone and shale formations (Fig. i66). 

A conception of the origin and filling of the Triassic basins may 
be gained from the following statements in regard to the Connecticut 
\ alley of Massachusetts. By the opening of Late Triassic time, the 
great, new mountains of eastern North America had been considerably 
reduced by erosion. Then a sinking of the basin area began. At first 



Fic. 170. The steep western front of the Holyoke Range as seen from Easthamp- 
ton, Massachusetts. The upper portion is columnar lava of Triassic age, and 
this rests upon Triassic red sandstone. 


the sinking of the basin floor was probably a slow down-warping process 
such as is known to have taken place in many districts during geological 
time. This original down-bending of the Triassic Basin may have been 
a continuation or renewal of the Appalachian Mountain folding. In any 
case, the Triassic basins of sedimentation from Nova Scotia to North 
Carolina exactly parallel the trend of the Appalachian folds. As the 
trough sank the adjacent lands were rejuvenated by elevation. Streams 
entering the basin from the growing highlands were renewed in activity, 
and they carried loads of coarse material which accumulated on the floor 
of the basin. The load of accumulating sediments probably aided or 
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accentuated the down-bending and down-faulting processes. The great 
thickness of the very coarse materials along the sides of the basin, espe¬ 
cially the eastern side, leads to the conclusion that borders of the basin 
must have been high and very steep during the whole time of deposition 



Fig. 171. Generalized paleogeographic map showing sea and land areas in North 
America during the earlier part of Late Triassic time. This was the greatest 
Triassic sea. White areas, land; ruled areas, sea; cross-ruled area, partly modi¬ 
fied marine and partly continental conditions. Small black areas on the Atlantic 
Coast, non-marine deposits. 

of these materials, otherwise the streams would not have been swift 
enough to transport the coarse debris. The thickest and coarsest sedi¬ 
ments on the eastern side of the Connecticut Valley basin indicate de¬ 
position in the form of alluvial fans. Such steep valley sides could not, 
however, have resulted wholly from down-warping. More than likely, 
therefore, normal faults developed on the sides of the subsiding, filling 
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basin, especially on the east, and the subsidence was then a more or less 
intermittent sinking of the fault block. The present-day structure of 
the Connecticut Valley of Massachusetts and much of Connecticut is 
that of a sunken fault block broken into minor tilted blocks (Fig. 165), 
but of course the existing valley is one of erosion and not deposition. 

Volcanic Activity. During the time of the formation of the Newark 
beds, there was considerable igneous activity, as shown by the occurrence 
of sheets of igneous rocks within the mass of sediments. In some cases 
true lava-flows with cindery tops were poured out on the surface and 
then became buried under later sediments, while in other cases th? 
sheets of molten rock were forced up either between the strata or 
obliquely through them, thus proving their intrusive character. As a 
result of subsequent erosion, these igneous rock masses often stand out 
conspicuously as topographic features. Perhaps the most noteworthy 
of these is the great igneous rock sheet, part of which outcrops to form 
the Palisades of the Hudson River, and which altogether outcrops for 
a distance of 70 miles. The molten rock first broke through the strata 
and then crowded its way along parallel to them. Another fine ex¬ 
ample is the Holyoke Range of Massachusetts (Fig. 170) regarding 
which Emerson says: “The accumulation of sediments was interrupted 
by an eruption of lava through a fissure in the earth’s crust, which 
opened along the bottom of the basin. The lava flowed east and west 
on the bottom of the basin, as tar oozes and spreads from a crack and 
solidified in a sheet which may have been 2 or 3 miles wide and about 
400 feet thick in its central part. This is the main sheet or Holyoke 
diabase.” In both regions just mentioned, the contraction of the cool¬ 
ing masses often expressed itself by breaking the rock into great and 
small, crude, nearly vertical columns, and hence the application of the 
term “palisades.” The steep mountain sides or cliffs are due to the fact 
that the hard igneous rock is much more resistant to weathering and 
erosion than the sandstone above and below it (Fig. 170). 

Conditions remarkably similar to those of the Triassic basin just 
described have been, and are still being, duplicated in the Death Valley 
trough of California. This trough has been produced by down-warping 
followed by notable down-faulting, especially on the eastern side. High, 
steep mountains on either side of this narrow desert basin, 100 miles in 
length, furnish the clastic sediments which are accumulating rapidly in 
the basin. Some lava, which as poured out on the floor of Death Valley 
in Recent time, will soon be covered by sediments which cannot escape 
from the closed desert basin. 
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The history of the other Atlantic Coast Triassic basins is much like 
that of the Connecticut X'alley. but principal faults seem to be on the 
western sides. The nature of the sediments in the southern Triassic 
basins indicate greater rainfall there during deposition. Thus some 
workable coal occurs in the North Carolina Triassic. 

Western North America. In Early Triassic time Pacific waters 
spread over middle-eastern and southern California, much of Nevada. 



Fic. 172. A long ridge (hogback) consisting or strongly tilted Triassic sandstone. 

Northeast ol St. George, Utah. 


across Utah, western Montana, and into southeastern British Columbia 
in the form of a gulf. Typical Red Beds were deposited extensively 
east of the gulf as far as western Nebraska and southeastward into Ari¬ 
zona. 

During the Middle Triassic the western gulf continued, but it sent a 
branch across northern California. Also western British Columbia and 
southern Alaska were under the sea. 

Late Triassic time was marked by the development of a large lagoonal 
basin in the western interior of the United States. This basin seems to 
have been a more or less cut off arm of the sea, connected by a strait 
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with the Pacific across southeastern Nevada (see Fig. 171). Very typi¬ 
cal “Red Beds/’ indicating aridity of climate, were extensively developed 
in this basin. Modified marine, great salt lagoon, salt lake, and even 
terrestrial conditions seem to have prevailed from time to time in this 
basin. 

Also in Late Triassic time most of the Pacific Coast region from 
southern Mexico through southern Alaska was under the sea (Fig. 171). 
This was the western (Pacific) part of the great Cordilleran geosyncline, 
and throughout it and adjoining Cascadia numerous volcanoes were very 
active. Thousands of feet in thickness of volcanic and marine rocks 
testify to this fact. An arm of the Arctic Sea, extending from northern 
Alaska into British Columbia, was separated from the western sea by the 
Cordilleran geanticline in the form of a long, narrow land mass (Fig. 
171). 

Close of the Triassic (Palisades Disturbance). The Triassic 
closed in eastern North America with crustal disturbances which raised 
the basins of deposition of the Newark series into dry land, and broke 
the strata, and associated lavas and intrusive sheets, into a great series 
of tilted fault-blocks, thus leaving all of the eastern half or two-thirds 
of the continent dry land and undergoing erosion. This has been called 
the Palisades DistJtrbance because the rocks of the Palisades of the 
Hudson River were involved in the orogeny. The block mountains 
formed at this time were later leveled by erosion, after which the region 
was uplifted, probably more than once, and eroded to the present-day 
condition (Fig. 165). 

In the western interior the geographic conditions toward the close 
of the Triassic are as yet more doubtful because scarcity of fossils often 
renders a separation of possible Jurassic strata from Triassic uncertain. 
The best evidence, however, points to continual deposition of “Red 
Beds” over much of the region. 

Marine waters withdrew from the Pacific Coast region during latest 
Triassic time, and all of the continent was a land area. This is known 
because the youngest Triassic and the oldest Jurassic are missing. 

Climate 

The extensive areas of “Red Beds,” often accompanied by salt and 
gypsum, in the western interior and eastern North America, northern 
and western Europe, and northern Africa show widespread aridity of 
climate in the northern hemisphere during the period. There is no 
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evidence of glaciation, and the fossils indicate general mildness of cli¬ 
mate, except at the close of the period when the temperature was dis¬ 
tinctly lower than usual. Judging by the character and distribution of 
the fossils, the water of the Arctic Sea was appreciably cooler than that 
of lower latitudes, so that climatic zones must have been defined to some 
extent at least. 


Triassic Life 

With the exception of the angiosperms. all important general kinds 
of plants were well represented during Triassic time. 1 he prominence 
of the cycads and conifers is particularly worthy of mention. 

Various significant changes occurred in the animal world. Modern 
types of corals were abundant; among the cephalopods, both ammonites 
and dibranchs appeared; among the arthropods there were the earliest 
known lobsters; and reptiles, which were common and varied, included 
swimming, walking, and flying forms. The reptiles included the first 

dinosaurs, pterosaurs, lizards, and turtles. 

Most significant of all was the presence of the first-known, though 

very primitive, mammals. 

Much more detailed accounts of Triassic life may be found in Chap¬ 
ter XXII. 

Economic Products 

Coal beds of some commercial value occur in the Triassic rocks of 
Virginia and North Carolina. 

Enormous quantities of sandstone (the so-called ‘^Triassic Brown- 
stone”) for building purposes were quarried from the Newark series, 
especially in the Connecticut River Valley during the nineteenth century. 
Gypsum of Triassic age is quarried in some of the western states. 
Triassic salt beds are extensively worked in Germany. 

Some copper deposits occur in Triassic rocks of California and 

Alaska. 


European Triassic 

As in America, so in Europe, the Triassic shows considerable devel¬ 
opment of both continental and marine facies. The Bunter series (1600 
to 1800 feet thick) of Germany consists chiefly of red beds, such as sand¬ 
stones and shales, with some salt and gypsum, clearly indicating deposi¬ 
tion under arid climate conditions much like the western interior of the 
United States at the same time. The Muschelkalk of Germany is mostly 
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a marine limestone formation up to looo feet thick, thus showing the 
presence of marine waters over the region, probably as an arm of the 
sea, similar to the Baltic Sea, as the fossils suggest. During part of 
this time, at least, salt lake conditions were restored as indicated by 
gypsum and salt in the midst of the series. During Keuper time con¬ 
ditions of deposition were much as during the Bunter, though late Keuper 
marine waters again transgressed the area. Bunter, Muschelkalk and 
Keuper are Lower, Middle, and Upper Triassic, respectively. 

In England, much of eastern Russia, and western and southern 
Spain, Triassic strata essentially like those of Germany are well de¬ 
veloped. 

In middle southern Europe the marine facies is widely developed, 
being mostly limestone (often dolomitic) and shales. The rugged peaks 
of the famous “Dolomites ’ or Tyrolean Alps have been carved out of 
this comparatively resistant dolomitic limestone, much of which was de¬ 
posited by lime-secreting algae and corals. 



CHAPTER XX 


THE JURASSIC PERIOD 
Introduction 

The rocks of Jurassic age are of peculiar interest because they com¬ 
prise one of the very first systems whose subdivisions were carefully 
determined by the use of fossils. This work was done in England a 
little before and after the turn of the nineteenth century by William 
Smith, who is often called the father of historical geology. Smith ap¬ 
plied the name “Oolitic” to the system because of the common occurrence 
of so much oolitic limestone, but this term later gave way to the term 
“Jurassic,” so-called from the Jura Mountains, between France and 
Switzerland, where the rocks of the system are unusually well exhibited 
and have been much studied. In Germany, too, much study has been 
devoted to this system. 

General Distribution of the Rocks 

Differing from all preceding systems, outcropping rocks of undoubted 
Jurassic age occur only in the western part of the continent, including 
the western United States, western Canada, Alaska, and Mexico. On 
map Figure 164, the considerable areas of outcrops shown in California 
and western Nevada are mostly Jurassic strata. Various areas are also 
known in northern and southern Alaska, and in southwestern Oregon. 
In the western interior numerous small and large areas of outcrops of 
Jurassic strata are known from northern Arizona and New Mexico north¬ 
ward through Utah, Colorado, southeastern Idaho, Wyoming, and into 
northern Montana. They show most extensively in the northern part 
of the Colorado Plateau. 

The Jurassic, like preceding systems, is of course much more exten¬ 
sive, under cover of later rocks, than its areas of outcrops. 

Figure 185 shows the numerous areas of Late Jurassic plutonic rocks 
in western North America. 
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Representative Divisions of the Jurassic System 

Table 12 shows the principal divisions and subdivisions in four im¬ 
portant parts of the United States. 
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TABLE 12 


Description of the Rocks 

Pacific Coast. The Jurassic strata of the Pacific Coast, from Mex¬ 
ico into southern Alaska, are largely of marine origin. Various kinds of 
strata are represented, and these are often moderately metamorphosed, 
and much folded and faulted. Slates, shales, and sandstone are most 
common. The strata are nearly everywhere closely associated with ig¬ 
neous material, this being particularly true in British Columbia where 
the Jurassic system is unusually thick—8000 to 18,000 feet—and vol¬ 
canic rocks constitute about one-half of it. 

One of the best Jurassic sections is in the Taylorsville region of 
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northeastern California where about 6000 feet of non-metamorphosed. 
marine strata and associated volcanic rocks have been subdivided into a 
number of formations. 

In the middle-western Sierra Nevada of California, the Late Jurassic 
is especially well represented by the Marif>osa formation (Fi*;. 173). 
It consists mainly of moderately metamorphosed sedimentary and vol- 


Fic. 173. Detail view showing a small part of an anticline in the Tpper Jurassic 
Mariposa slate formation. Near Mariposa in the middle-western Sierra Nevada 
Range, California. (Photo by O. P. Jenkins.) 

canic rocks, and it is highly folded, as is also the next older Amador 
group of volcanics (Fig. 174)- 

In the Coast Ranges of California there are two important marine 
formations of Late Jurassic age —Franciscan and Knoxville. The Fran¬ 
ciscan is an assemblage of mainly arkosic sandstones together with shales, 
cherts, basic intrusive igneous rocks, and lavas. The Knoxville is very 
similar in composition. It rests conformably upon the Franciscan and 
may be in part contemporaneous with it. The formations show a com¬ 
bined thickness of fully 20.000 feet. Both formations are much folded 
and faulted in the California Coast Ranges. 
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Fig. 174 . Detail view of characteristic outcrops of stecp-dippinc metavolcanics 
of Jurassic age. Northwest of Coppcropolis in the foothills of the middle- 
western Sierra Nevada. California 


The Jurassic rocks, so widely exposed in western British Columbia 
and southern Alaska, are also altered marine strata and volcanics. 

Tremendous bodies of granite (or rather ‘’granodiorite”) of Late 
Jurassic age occur throughout the Pacific Coast region from western 
Mexico well into Alaska (Pig. 185). These intrusions occurred at the 



Fig. 175. Cliff-forming red. Early Jurassic (Wingate) sandstone resting upon red 
and gray beds ol Late Triassic (Chinie) sandstone and shale. Near Kayenta, 
Arizona. (Photo by W T. Lee, U, S. Geological Survey.) 
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time ol the Nevadan Re\a>lulion (see bexond). (iranodiorite of ihi'- 
aj;e is \vonderfull\- exposed in llie walls of \'osemite \’al)ey, California, 
and elsewhere in the \’osemite Xatiojial I’ark (I-'iu. 1S4). rhe>e Inxlies 
of granodiorite cmnpri'-e the grande'-t di'^play of batholithie intrusives 
of post-l'rotero/.oie age in \(nth Ameriea. 


Western Interior. In the we>tern interior of the eoniinenl, 'I'rias- 



Fic. 176. A great cliff, nearly 2500 feet high, forming part of a wall of Zion Canyon. 
Utah. The rock is Early and Middle Jurassic (Glen Canyon) sandstone, the 
lower (dark) part of which is red and the upper part nearly white, remarkably 
cross-bedded. It is part of the same group of rocks forming the cliffs in Figure 
168. (Photo by courtesy of U. S. National Park Service.) 
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extensive “Red Beds” (with gypsum) of continental origin, like those of 
the Triassic system of the region, are doubtless of Jurassic age. A good 
idea of the character and order of these rocks may be gained from the 
formations listed under the Colorado Plateau in Table 12. These for¬ 
mations reach a combined thickness of several thousand feet. In the 
walls of Zion Canyon, Utah, continental formations of nearly horizontal, 
massive sandstone (Glen Canyon group) over 2000 feet thick are won¬ 
derfully exposed. The impressiveness of the Glen Canyon sandstone is 
shown by the Frontispiece and by Figure 176. This sandstone is red in 



Fig. 177. Detail view of the remarkable cross-bedding of Jurassic (Glen Canyon) 
sandstone in southern Utah. Three miles north of Kanab. 

its lower portion, and nearly white in its upper portion. The lowest part 
of the section in lower Zion Canyon is of Triassic age. 

The great Vermilion Cliff and the White Cliff, traceable for many 
miles, and forming very impressive features of the landscape in northern 
Arizona and southern Utah, consist of the red Wingate sandstone (Fig. 
175) and the nearly white Navajo sandstone, respectively. 

The Rainbow Natural Bridge, probably the largest and most mag¬ 
nificent feature of its kind in the world, is carved out of red Jurassic 
sandstone (Fig. 181). 

The only known true, marine, Jurassic strata in the western interior 
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Fig. 178. Generalized columnar section showing the nature and relations of the 
rock systems from Late Permian to Early Tertiary in the Colorado Plateau. 
Note the stratigraphic positions of the Jurassic system, and of Grand, Kanab, 
Zion, and Bryce Canyons. (After H. E. Gregory, U. S. Geological Survey.) 


are of Upper Jurassic age. These marine rocks, which comprise all types 
of ordinary sediments, especially limestones and shales, are usually 
highly folded or tilted in the Rocky Mountains, Wasatch Mountains, 
Black Hills, etc., and hence are there generally exposed only in narrow 
belts. The greatest thickness of these rocks in the western interior 
seems to be several thousand feet in southeastern Idaho and western 
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Wyoming where they constitute the Twin Creek formation. Elsewhere 
the marine strata are seldom more than a few hundred feet thick (e.g., 
Carmel limestone and Sttndance formation). All of these Upper Jurassic 
marine strata of the western interior of the continent occur within the 
area represented as having been occupied by sea water on map Figure 
182. Overlying the marine Jurassic in the Rocky Mountain region is 
the Late Jurassic Morrison formation of continental origin and remark¬ 
able because so many remains of great reptiles have been found in it 
(Fig. 179). 



Fig. 179. Strongly tilted beds of sandstone and shale of Late Jurassic age in 
Dinosaur National Monument, northeastern Utah. This is part of the Morri¬ 
son formation of continental origin and from which so many dinosaur bones 
have been taken. The almost complete skeleton of one of the great four-legged 
dinosaurs, now in the Carnegie Museum in Pittsburgh, was found at the locality 
here pictured (Fig. 228). 

In the Colorado Plateau Jurassic strata have been relatively little 
disturbed by folding and faulting, but in the mountains of Colorado, 
northeastern Utah, Wyoming, and Montana they have usually been more 
or less strongly deformed, their upturned edges often outcropping along 
the flanks of the ranges where they produce magnificent scenic effects. 

Mexico and Gulf Coastal Plain. In Mexico marine Jurassic 
strata are known in various areas of outcrops, and in others concealed 
under younger formations. These rocks occur within the ruled areas 
of map Figure 182. 
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Deep-well records prove the presence of rather widespread Late 
Jurassic marine strata under the western Gulf Coastal Plain of the 
United States. 


Physical History 

Pacific Coast. The Pacific Coast region of North America seems 
to have been above sea level in earliest Jurassic time. Then the waters 



Fic. i8o. Generalized paleogeographic map showing sea and land areas in North 
America during Early Jurassic time. White areas, land; ruled areas, sea. 


encroached upon the land, covering the Pacific Coast region from south¬ 
ern Mexico through southern Alaska as shown by Figure i8o. The sites 
of the Sierra Nevada and Cascade Ranges were then sea-covered, as was 
also much of eastern Mexico. Barring relatively minor changes, the 
marine waters became more extended until they reached the climax for 
the period. This was in early Late Jurassic time (Fig. 182). 





Fid. i8i. Rainbow Natural Bridge near the middle-southern boundary of Utah. 
This great rock arch, over 300 feet high, has been carved out of red Jurassic 
sandstone. Note the cross-bedding which is well shown on the right. (Photo 
by H. E. Gregory, U. S. Gcologicai Survey.) 

.As in the Triassic, tremendous volcanic activity, most of it submarine 
or on volcanic islands, occurred. “Toward the end of Lower (Early) 
Jurassic time volcanoes appeared along a great belt from southern 
.Alaska, through the Coast Range region of British Columbia, and into 
California. Great beds of agglomerate and flows of lava piled upon 
each other on a sinking earths surface. For one brief spell, in the 
early Middle Jurassic, the violent eruptions ceased, and during this 
interval the sea spread over most of the lava-devastated areas, and left 
marine deposits. But shortly these were again buried beneath the prod¬ 
ucts of renewed eruptions until thousands of feet of lavas and pyroclas- 
tics had accumulated” (C. H. Crickmay). 

By the close of the period the sea had withdrawn from the Pacific 
Coast region as proved by Lower Cretaceous strata there resting uncon- 
formably upon Late Jurassic. This emergence was accompanied by 
some deformation of the strata. 
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Franciscan Geosyncline. An almost perfect example of a geo¬ 
syncline came into existence along the middle-western border of North 
America during Late Jurassic (post-Mariposa) time. Although far 
smaller than the Cordilleran geosyncline, it was remarkable for the tre¬ 
mendous thickness of sediments which accumulated in it during such a 



Fig. 182. Generalized paleogeographic map showing sea and land ^ 

America during the early part of Late Jurassic time. This was the greatest 

Jurassic sea. White areas, land; ruled areas, sea. 


short time. It covered most of the western one-third of California, in¬ 
cluding the site of the Coast Ranges and a narrow belt to the west of 
them. Northward it extended at least into southwestern Oregon, and 
southward it reached beyond southern California. It was fully 800 
miles long and 75 to 150 miles wide (Fig. 183)- For it the writer sug¬ 
gests the name Franciscan geosyncline not only because the Franciscan 
formation was deposited in it, but also because the San Francisco Bay 
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Fig. 183. Sketch map of the California region showing approximate boundaries of 
the Franciscan geosynclinc and adjacent highland areas. Extent of the seaway 
is based mainly upon the distribution of large and small areas of outcrops of 
marine Franciscan strata; similar strata known to be under cover; and areas 
from which such strata have been removed by erosion. The ver>’ young, prob¬ 
ably still rising. Sierra Nevada mountains lay adjacent to the seaway on the east 
and high, rejuvenated Cascadia on the west. 
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region lies in what was the midst of the trough. As a typical geosyn¬ 
cline it lasted only through the latter part of Late Jurassic time, and, in 
modified form, through the Cretaceous. In a much restricted sense it 
still continued through the Tertiary. 

The eastern two-thirds of California was a mountainous area (Fig. 
183) produced by the Nevadan orogeny (discussed beyond) just before 
and during Franciscan time. The kinds, great thickness, and distribu¬ 
tion of the Franciscan sediments prove that, in large part, they were 
derived from a high land area (rejuvenated Cascadia) which lay off the 
California coast. 

The Franciscan geosyncline was a great, slowly subsiding trough or 
downwarp produced by the compressive force (orogeny) which raised 
the new (Nevadan) mountains on the east, and rejuvenated Cascadia 
on the west. Because of the generally clastic nature of the thick pile 
of Franciscan strata, we know that sinking and deposition were about 
contemporaneous, or, in other words, that the water in the trough was 
always relatively shallow. 

Franciscan, Knoxville, and Cretaceous sediments piled up in the geo¬ 
syncline to thicknesses commonly ranging from 20,000 to 50,000 feet. 
These sediments, which are nearly all clastic materials, came from both 
Cascadia and the Sierra Nevada, at first mainly from the former and 
then from the latter. The Cretaceous quartz-rich sediments quite cer¬ 
tainly came from the Sierra Nevada after the granodiorite batholiths 
were widely exposed by erosion. Just before the close of the Jurassic 
there was emergence of the geosynclinal sediments, accompanied by 
some deformation of the strata and considerable erosion. 

During the deposition of the Franciscan and Knoxville, and varying 
in time and place, basic igneous rocks were intruded in the form of sills 
and extruded as lava flows. 

Western Interior. During Early and Middle Jurassic times there 
was deposition of continental “Red Beds” material over much of the 
central portion of the western interior, especially in the states of Wyo¬ 
ming, Colorado, Utah, northern Arizona, and northern New Mexico. 
These rocks are excellently exposed in the Colorado Plateau where they 
are usually 2000 to 3000 feet in thickness. Some of the principal for¬ 
mations are listed in Table 12. The remarkable cross-bedding of sand¬ 
stone formations 2000 or more feet thick, such as the Navajo sandstone, 
strongly points to their wind-blown origin on a grand scale (Fig. 177). 

An important change occurred in the Late Jurassic, namely, the 
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spreadiim of a shallow sea southward from the Arctic Ocean to the 
east of Alaska and south to northern Arizona. This arm of the sea, or 
ureat mediterranean, was 600 miles wide in the western interior of the 
I'nited States, and considerably narrower in Canada as shown on Fig¬ 
ure 1S2. .\mom: the formations laid down in this sea are the Twin 
Creek. Sundance, and Carmel. 



Kic. 184. Halt’ Dome (altitude, 8852 feet) and part of the Sierra Nevada Ranc'e 
as .*een from (Jlacier Point in ^'o^emite National Park. Practically all the 
rock in \ie\v is Late Jura-.sic granite (or yranodiorite) forming [)art of the 
jrreat Sierra Nevada halholith which was intruded at the time of the Sierra 
Nevada Kevolution. and since laid bare by erosion. (Photo by F. K. Matthes, 
I’. S. CieoioL'ical Survev.) 


The ('ordilleran geanticline completely separated the interior sea 
from the Pacific border marine-volcanic trough. Sediments washed 
from the geanticline were deposited in the sea on each side of it. and 
fo.ssils on oppo.'^ite sides of it show notable differences. Then, perhaps 
for the first time, the Cordilleran geanticline was definitely a conspicu¬ 
ous land area throughout its length (Fig. 182). 

Well before the close of the Jurassic, the interior sea vanished, and 
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renewed continental deposition occurred as represented by the Morrison 
formation. 


Mexico and Gulf Coastal Plain. That large parts of Mexico 
were sea-covered in Jurassic time, approximately as shown on map Fig¬ 
ures i8o and 182, is proved by known occurrences of marine Jurassic 
strata in those regions. Late Jurassic marine strata, revealed by deep 
well drilling, show that Gulf of Mexico waters spread over the western 
Gulf Coastal Plain during Late Jurassic time. 

Sastern North America in the Jurassic. No Jurassic strata 
now occur in the eastern one-half of North America, and we have no evi¬ 
dence that any ever were deposited there, hence that vast area was dry 



Fic i8s Map of North America showing (in black) the principal outcropping 
Paleozoic and Mesozoic batholiths. Those of the west are nearly al of Late 
Jurassic age, and those of the east are Late Permian with more or less asso¬ 
ciated Devonian intrusive bodies in New England and northeastward. 



294 HISTORICAL GEOLOGY 

land undergoing erosion during the whole period. That the Jurassic pe¬ 
riod, in the middle-eastern seaboard of North America, was a time of 
extensive erosion is well established, because the whole Atlantic sea¬ 
board. including the tilted and faulted Triassic strata, was worn down 
toward the condition of a peneplain and the next sediments (Lower 
Cretaceous) were deposited upon the eastern portion of that worn-down 
surface. For instance, on Staten Island and in northern New Jersey, the 
Lower Cretaceous beds may be seen resting directly upon the deeply 
eroded Triassic rocks, and hence the proof is conclusive that during 
much, if not all, of the Jurassic period active erosion was taking place, 
and this in turn implies that the Triassic beds were well elevated in the 
Early Jurassic. 

Nevadan Revolution. Late Jurassic time witnessed profound 
physical changes in the western part of the continent. During both 
the Triassic and Jurassic periods, as well as throughout much of the 
Paleozoic era. there was deposition of a great thickness of sediments and 
associated volcanic rocks on the we«:tern side of North .America from 
southern Mexico into southern .Alaska. Late in the Jurassic these sedl- 


Fic. i86. Late Jurassic(?) granodiorite (lighter), on the right, showing a sharp 
intrusive contact against darker, much older (.Archeozoic)(?) granite, on 
the left. Seven miles southwest of Twenty-nine Palms, California. 
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ments, particularly in the Sierra Nevada region, were subjected to a 
tremendous force of lateral compression, and the strata were strongly 
folded and greatly elevated. Thus great mountains were borne out of 
the sea, and the Pacific shore was transferred to the western base of the 
newly formed mountains. The orogeny began in Late Jurassic (post- 
Mariposa) time and reached a general climax toward the close of the 



Fig. 187. Highly generalized structure sections across the Sierra Nevada Range 
in California, showing three stages in the history of the range. A, conditions 
as they were (barring erosion) just after the Late Jurassic folding, intrusion 
of the granite batholith, and filUng of the gold-bearing “Mother Lode” veins 
(black streaks at middle left) ; B, conditions in Late Tertiary time after A 
was eroded to an old age surface (PP); and C, present day condition of the 
great tilted fault block, with the “Mother Lode” veins outcropping. 

period after which it gradually died down. In the Sierra Nevada re¬ 
gion of California, these mountains were much greater than those of 
today. They were much worn down by erosion after which they were 
raised to their present altitude by Late Cenozoic movements. Figure 
187 shows several stages in the history of the Sierra Nevada region. 

Much evidence indicates that this orogeny also produced mountains 
in northwestern Mexico, southwestern Arizona, southern and northwest¬ 
ern California, Oregon, Washington, western British Columbia, and 
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southern Alaska. It is perhaps not too much to say that the whole 
Pacific side of the continent was more or less profoundly affected by the 
Nevadan Revolution. 

As a result of the expulsion of sea water by the Nevadan Revolution, 
all of North America was land at the end of the Jurassic period. 

Accompanying the Sierra Nevada Revolution, tremendous volumes 
of granite (or granodiorite) magmas were intruded in the form of 
numerous large and small batholiths. This was the greatest time of 
plutonic igneous activity in the post-Proterozoic history of North Amer¬ 
ica. These batholiths. now exposed to view because of profound subse¬ 
quent erosion, occur throughout most of the Pacific Coast region from 
western Mexico well into Alaska (Fig. 185). The Sierra Nevada 
batholith alone is about 400 miles long and 25 to 75 miles wide, but 
the British Columbia batholith is very much larger. Figure 184 shows 
grand exposures of the Sierra Nevada batholith which has been laid 
bare by erosion. 

These tremendous bodies of magma very largely rose into place 
during a late stage of the orogeny as indicated by the fact that the rock 
folds, involving Late Jurassic strata, are often cross-cut by the intrusives 
(Fig. 187A). Recent studies indicate that both the orogeny and the 
intrusions probably continued here and there well after the close of the 
Jurassic. Thus in the southwestern United States, batholithic intrusions 
seem to have spread from middle California in the Late Jurassic south¬ 
eastward into .Arizona and northwestern Mexico in Cretaceous, or even 
Early Tertiary, time because such younger strata are cut into by grano¬ 
diorite presumably associated with the Nevadan orogeny. These later 
intrusives are, however, relatively small bodies of the granodiorite. 

Climate 

In general the evidence from the character and distribution of the 
organisms shows that the climate of the world was somewhat cooler 
than usual during the Early Jurassic, as indicated by the curbing or 
dwarfing of various marine animals and land animals and plants. The 
climate of Middle and Late Jurassic times was. however, characterized 
by general mildness. Corals, for example, ranged much farther north¬ 
ward then than they do today, and great dinosaurian reptiles roamed 
regions as far north as Montana. 

A study of migrations of certain animals shows that the .Arctic Sea 
was cooler than the .Atlantic and Pacific, but it is perhaps too much to 
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say that the northern sea was then as cold as now. There was quite 
certainly some definition of climatic zones, especially in Late Jurassic 
time. 

The ^‘Red Beds” and great cross-bedded sandstone formations of the 
western interior of the United States indicate desert or semi-arid con¬ 
ditions when and where these rocks were deposited, as already explained. 
Under dry-climate conditions, little of the iron of iron-bearing minerals 
is leached out of the sediments produced mainly by mechanical weather¬ 
ing and so a red color is caused by oxidation of iron compounds after 
deposition of the sediments in basins. Eddying and swirling desert 
winds only could have produced such grand and often curved cross- 
bedded structures. 

Coal beds of Middle Jurassic age signify a mild, humid climate in 
various parts of the world (see below) during that time. 

Jurassic Life 

The record of Jurassic life contains various features of evolutionary 
significance. Seed plants, such as cycads and conifers (including the 
first sequoias) deployed widely with many species represented. Some 
plants, suggesting true but primitive flowering types, made their first 
appearance before the close of the period. Among the invertebrates the 
ammonites, with their very complicated partition structures, reached 
their climax of development, and crabs and high-order insects first ap¬ 
peared. 

Among vertebrates there were the first true bony fishes (teleosts), 
and the first birds. Reptiles were common and varied, but only a few 

small, primitive mammals existed. 

See Chapter XXII for fuller accounts of Jurassic life. 

Economic Products 

The great gold-bearing veins or lodes of the famous “Mother Lode 
Belt” of the Sierra Nevada occur in Jurassic and older slates. The 
deposits were formed by the filling of a prominent zone of fissures 120 
miles long with quartz, gold, and other minerals carried upward by hot, 
magmatic solutions emanating from the Sierra Nevada batholith during 
its intrusion (Fig. 187A). Deposits of this kind were formed in many 
other places on the Pacific Coast at the same time. These lodes are the 
sources of most of the so-called “placer-gold” occurring in stream gravels 

in California and elsewhere. 
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In California, also, important quicksilver deposits occur in metamor¬ 
phosed Jurassic and later rocks. 

Coal beds of some importance are found, mostly in the Lower Juras¬ 
sic, in central Europe, various parts of Asia, Alaska, Australia, and 
elsewhere. 

The famous Solenhofen lithographic stone of Bavaria is of Jurassic 
age. 


European Jurassic 

The marine transgression which, in Late Triassic time, resulted in 
the submergence of the great salt lakes and other basins of central and 
western Europe, continued into the Jurassic. Even in the early (Lias) 
part of the period the sea covered considerable areas in western, central, 
and southern portions of the continent. The strata are mostly typical 
shallow sea sediments, though some coal-forming swamps existed around 
the sea borders in central Europe. These Early Jurassic strata are usu¬ 
ally conformable upon and not sharply separated from the underlying 
Triassic. 

A progressive marine transgression continued through the middle of 
the period and well toward its close, extending farther and farther east¬ 
ward, until much of the continent was submerged. This was one of the 
greatest marine transgressions in the known geological history of Europe. 
As would be expected, the strata of later Jurassic age contain much 
limestone because of the widespread clear water areas. During all this 
time the great series of oolites were forming in England and the famous 
Solenhofen lithographic limestone was being deposited in southern Ger¬ 
many. 

Just before the close of the period a considerable retrogression of 
the sea set in, draining certain areas and leaving lakes or estuaries in 
certain other places. 


CHAPTER XXI 


THE CRETACEOUS PERIOD 

Introduction 

The term Cretaceous, from the Latin “Creta" for chalk, was given 
to the period because of the prominence of chalk beds in the rocks of 
this age, especially in England and France. In fact, one of the most 
striking features of the landscape in southern England and northern 
France consists in the frequent exposures of beds of white or very light 
colored chalk. Perhaps the most famous are the Dover Cliffs of Eng¬ 
land. In many parts of the world, however, the Cretaceous system is 
not rich in chalk deposits. In the United States, chalk is extensively 
developed in the Cretaceous of Alabama and Texas. Although chalk 
formations are more abundant in the Cretaceous than in any other rock 
system, other kinds of sedimentary rocks are far more common. The 
system was first carefully studied in England. The Cretaceous system 
in North America is commonly divided into two parts a Lower and an 
Upper—often separated by unconformity. 

General Distribution of the Rocks 

The very great surface distribution of strata of known Cretaceous 
age is shown on the accompanying map (Fig. i88). Upper Cretaceous 
strata are much more widely developed and more extensively exposed at 
the surface than those of Lower Cretaceous age. No system of strata, 
from the Cambrian to the present, is so extensively exposed as the Cre¬ 
taceous. The Tertiary system, counting both volcanic and sedimentary 
rocks, is about as widely exposed. 

Cretaceous strata form a narrow outcropping belt along the western 
side of the Atlantic Coastal Plain, with the exception of parts of Vir¬ 
ginia and North Carolina where younger strata completely conceal the 
Cretaceous. Passing eastward from the exposed belt, well borings show 
that a large part of the whole Coastal Plain is underlain with Creta¬ 
ceous strata. “The sediments in general form a series of thin sheets 
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which are inclined seaward (Fig. 263), so that successively later forma¬ 
tions are encountered in a journey from the inland border of the region 
toward the coast.” The northernmost Cretaceous exposures are on 

Martha’s Vineyard, Massachusetts. 

In a similar way, in the Gulf Coastal Plain (including Mexico) 



Fig. 188. Map of North America showing the surface distribution (areas of out¬ 
crops) of Cretaceous strata. The large and small areas in the western interior 
of the continent very largely represent Upper Cretaceous deposits. 


the widely outcropping Cretaceous strata (Fig. 188), dipping gently 
toward the coast, are known to be extensively developed under cover of 
later formations. In general, therefore, the actual extent of Cretaceous 
strata in the Atlantic and Gulf Coastal Plains is much greater than its 
surface exposures. 

A large part of the western interior of North America shows Upper 
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Cretaceous strata at the surface, but there are only a few small areas of 
Lower Cretaceous. The very extensively developed Upper Cretaceous 
strata east of the Rocky Alountains, in both the United States and 
Canada, form a very large outcropping area (Fig. i88), first, because 
they have been little deformed by folding or faulting, and, second, 
because they have usually not been much covered by later mate¬ 
rial. Within the Rocky Alountains, however, the Cretaceous strata 
(very largely Upper Cretaceous), because of more or less folding and 
subsequent deep erosion, show a patchy areal distribution. In the 
Colorado Plateau the rather widely exposed and comparatively little 
deformed Cretaceous strata have been much cut into by erosion. Large 
and small bodies of Cretaceous are concealed under later rocks in many 

parts of the western interior of the continent. 

On the Pacific Coast of the United States, relatively small areas of 
outcrops of both Lower and Upper Cretaceous sediments show, but, 
because the rocks are there usually in a highly deformed condition, they 
are really much more extensive than the surface areas. The Cretaceous 

system is most remarkably developed in California. 

Cretaceous rocks are widely exposed in Alexico (including Lower 
California), western British Columbia, western Yukon Territory, and 
Alaska in all of which there is often a patchy distribution which has 
resulted from much erosion of the variably deformed rocks. 

Representative Divisions of the Cretaceous System 

Correlation Table 13 shows the principal divisions and subdivi¬ 
sions of the Cretaceous system in five widely separated parts of the 

United States. 

Description of the Rocks 

Atlantic Coastal Plain. Three well-known Lower Cretaceous for¬ 
mations of the Atlantic Coast have been called the Potomac series. 
These are listed in Table 13. They are all of continental origin. They 
consist mainly of sands and clays with a total exposed thickness of about 
725 feet. The sands are often cross-bedded, and some of the clays are 
highly colored. Fossil plants are common, and in some places there are 
beds of lignite. Several small unconformities occur within the series. 

The Upper Cretaceous deposits rest unconformably upon the Lower 
Cretaceous. They are largely marine. The Upper Cretaceous forma¬ 
tions of New Jersey are typical of the North Atlantic Coastal Plain. 
They consist mainly of clays, sands, gravels, and greensand (glauconitic) 
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marls with a total exposed thickness of about looo feet. There are 
some associated lignitic beds. These Upper Cretaceous deposits have 
been subdivided into a number of formations separated by minor uncon¬ 
formities. Some of the best known of these formations are listed in 
Table 13. 
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T.ABLE 1,? 


The Atlantic Coastal Plain strata show little deformation, but, as 
already stated, they dip gently seaward, mostly under cover of later for¬ 
mations. A well drilled near Cape Hatteras, North Carolina, penetrated 
several thousand feet of Cretaceous strata, thus proving a greatly in¬ 
creased thickness of the system near the coast. 

Eastern Gulf Coastal Plain. The Alabama Cretaceous is typical 
of this region in which outcrops of Lower Cretaceous strata are missing. 
However, well records prove that such strata occur concealed under 
southern Arkansas, southern Mississippi, and southern Florida. The 
Upper Cretaceous of Alabama comprises a number of formations with 
a total thickness of fully 2600 feet. These formations are listed in 
Table 13. They constitute a variable assemblage of sands, gravels, 
thin-bedded clays, white chalk, soft limestones, and marls. These are 
seldom more than slightly consolidated. 
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Special mention may be made of the Selma formation which con¬ 
sists mostly of soft white chalk several hundred feet thick, typically 
exposed in central Alabama (Fig. 195). It is made up of microscopic 
shells of limy marine organisms, including foraminifers. 

The Cretaceous system of the eastern Gulf Coastal Plain, like that 
of the Atlantic Coastal Plain, is little deformed, and it dips gently gulf- 
ward under cover of later formations. 

Texas and Mexico. The Cretaceous system is excellently devel¬ 
oped in Texas, only the very oldest and youngest beds being absent. 
It outcrops in a wide belt extending not only across Texas, but also 
across southeastern Oklahoma and into southwestern Arkansas. The 
Lower Cretaceous there consists of three formations as listed in Table 
13. Together these formations are called the Comanche series. The 
series reaches a maximum thickness of about 7500 feet. All but the 
lowest part is of marine origin. Common kinds of sediments such as 
sands, marls, clays, marly clays, soft limestones, and chalky limestones 
constitute the great bulk of the formations. They are usually rich in 
fossils. Special mention may be made of the very extensive Fredericks^ 
bttrg formation of Texas which is almost entirely a marine, chalky lime¬ 
stone from 1000 to 5000 feet thick. 

Lower Cretaceous strata, thousands of feet thick and much like those 
of Texas, are very widespread in Mexico (including Lower California). 

In Texas five formations, together known as the Gulf series, com¬ 
prise the Upper Cretaceous as shown in Table 13. These are also 
very largely of marine origin. Their total thickness is more than 2000 
feet. Sands, clays, marls, limestones, and chalk constitute the great 
bulk of the strata. One formation (Austin), several hundred feet thick, 
is largely an impure chalk. Various beds of fragmental volcanic mate¬ 
rial are associated with the Upper Cretaceous strata of Texas. 

Upper Cretaceous strata, thousands of feet thick and much like those 
of Texas, are very extensively exposed in the eastern one-half of Mexico. 

Cretaceous strata (Fig. 188) and Cenozoic volcanic rocks (Fig. 250) 
are by far the most extensively developed surface rocks in Mexico. 

In the Coastal Plain parts of both Texas and Mexico, the Cretaceous 
beds are almost unaffected by folding, but they are considerably faulted, 
especially in the Balcones fault zone across Texas. The Coastal Plain 
beds do, however, dip gently toward the Gulf. Farther west, in the 
mountains of Texas and Mexico (including Lower California), the Cre¬ 
taceous system is more or less deformed. 
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Great Plains and Rocky Mountains. In this great region, 
niostlv cast of the main axis of the Rockv Mountains from Colorado 

r ^ 

into All)crta. there are certain formations (e.g.. Kootenai and Thermop- 
olis) which con>ist of shales, sandstones, and much coal. These are 
Lower Cretaceous deposits of continental origin. Both north and south 
of these deposits there are extensive marine strata of late Early Creta¬ 
ceous age. Map I-i.gure ig^ shows the area relationship of these ma¬ 
rine and continental deposits. 



Fkc i 8() Paris t'pjjcr ('retaceous marini- l)e{ls of limc^lone and shalt* svliich were 
laid down in the great interior sea. Near Thatcher, Colorado. (Photo by 
N M Darton. V S (leological Sursey.) 


'rhe very extensive I’pper C'retaccous strata of the Great Plains and 
Rockv Mountains of the I’nited States have been divided into a number 
of im{)ortant formations as shown in Table 13. Earliest of these is the 
Dakota formation which is chietly sandstone, mostly of non-marine 
origin, and several hundred feet thick. It is easily recognizable over 
many thousands of square miles, often forming escarpments and hog¬ 
backs becau.'^e of its resistance to erosion. Next above the Dakota are 
two largely marine groups of strata {^Colorado and Montana) consisting 
of shales, .sandstones, limestones, chalk, and some continental beds in- 
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Fig. 190. Nearly horizontal beds of I’pper Cretaceous ace in the western interior 
of the United States. The cliff-forminc beds are resi.stant sandstones, and soft 
shales forming the intricately sculptured slopes. Little Hook Cliffs near Pali¬ 
sade, Colorado. (Photo by Cl. B. Richardson, U. S. Geological Survey.) 



iqi. Nearly horizontal bed 
bed of lignitic coal (black 
Park, Colorado. 
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eluding coal. Thicknesses range 
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to more than 8ooo feet. Special 
mention should be made of the 
Niobrara chalky limestone from 
which excellently preserved fossil 
remains of flying reptiles, marine 
reptiles, and fishes have been ob¬ 
tained. The Laramie group is 
mostly of non-marine origin, com¬ 
prising both fresh-water and land 
deposits (including much coal). 
The formation shows a variable 
thickness possibly up to several 
thousand feet. It is rich in fossil 
land plants. Beds of volcanic ash 
occur in the Upper Cretaceous in 
various parts of the Great Plains 
and in the Rocky Mountains. 

The Great Plains Cretaceous 
beds have a very wide, gentle syn¬ 
clinal structure with upturned 
edges around the Black Hills and 
along the base of the Rocky 
Mountains (Fig. 192). 

In the Rocky Mountains the 
Cretaceous strata are usually more 
or less folded, varying from nearly 
horizontal to highly disturbed. 
Their upturned edges often flank 
the mountain ranges. 


shales and sandstones, 
in eastern Utah and western Colorado. 


Colorado Plateau. Upper 
Cretaceous strata are prominently 
developed in the Colorado Plateau 
in eastern Utah, eastern Arizona, 
western Colorado, and western 
New Mexico. The Lower Creta¬ 
ceous is, however, sparingly repre¬ 
sented. The strata are mostly 
Excellent and extensive exposures may be seen 


O 
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The Cretaceous strata in the Colorado Plateau, in common with 
Paleozoic and older Mesozoic strata, are comparatively little deformed 
by folding or faulting. 

Pacific Coast. The thickest and most impressive development of 
the Cretaceous system in North America, if not in the world, is on the 
Pacific Coast, particularly in western California. 

In the Coast Ranges of California, the Lower Cretaceous (or Shasta 
series) comprises the Paskenta and Horsetown formations. The Paskenta 
is made up of shales and sandstones, with some conglomerate and lime¬ 
stone beds, thousands of feet thick. It rests unconformably upon Late 
Jurassic (Knoxville) strata, and it is overlain by the Horsetown forma¬ 
tion of sandstones and shales thousands of feet thick. Lower Cretaceous 
strata are also widely developed in western British Columbia and 

Alaska, with some coal in both regions. 

The Upper Cretaceous is also prominently developed on the Pacific 
Coast. The Chico series, reaching a thickness of 5000 to 10,000 feet, is 
widely exposed in the Coast Ranges of California, and it is unconform- 
able on the Shasta series. Table 13 shows the divisions of the Chico 
series for middle and northern California. The rocks are mostly sand¬ 
stones, shales, and conglomerates. 

The marine Cretaceous of middle and northern California is re¬ 
markable for its great aggregate thickness, 10,000 to 20,000 feet being 
common. In the Coalinga district the system is fully 30,000 feet thick. 
It is nearly all clastic material. The significance of these facts is ex¬ 
plained beyond. 

The Pacific Coast Cretaceous strata are generally much folded and 
often much faulted, and so the areas of outcrops only partly show their 

real extent. 

Physical History 

The Greatest Mesozoic Sea. Cretaceous time was in general 
characterized by a gradual encroachment of the sea upon the continent, 
reaching a grand climax in the earlier part of Late Cretaceous time, and 
then gradually waning to disappearance. Soon after the opening of the 
period, the sea spread over large areas of western North America until 

the covered areas were about as shown by map Figure 193. 

After some withdrawal of the waters, the marine invasion was re¬ 
newed and continued until the great sea shown in Figuie 194 resulted. 
North America was then cut in two by a vast sea connecting the Gulf of 
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Mexico with the Arctic Ocean. This was the greatest of all Mesozoic 
or Cenozoic epeiric seas, and it was the last time that marine conditions 
ever prevailed well within the interior of the continent. This sea then 
gradually became smaller, leaving all land at the end of the period. 

In Late Cretaceous time the sea also spread over the Atlantic and 



Fig. 193. Generalized paleogeographic map showing sea and land areas in North 
.America during the later part of Early Cretaceous time. White areas, land; 
ruled areas, sea; dotted areas, non-marine deposition. 


eastern Gulf Coastal Plain areas, and over most of the Pacific border of 
the continent (Fig. 194). The period closed with all of the continent a 

land area. 

Atlantic and Eastern Gulf Coasts. The Cretaceous period 
opened with the coast line of the eastern United States somewhat farther 
out than it now is, but, early in the period, there was enough subsidence, 
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or possibly warping, of the coastal lands to allow deposition of non- 
marine sediments over part of what is now known as the Atlantic 
Coastal plain. That but little downwarping of the surface was necessary 
in order to produce proper conditions for this sedimentation is evicent, 



Fig 1Q4 Generalized paleogeographic map showing sea and land areas in North 
‘ America during the early part of Late Cretaceous time. This was the greatest 
Mesozoic sea. White areas, land; ruled areas, sea; dotted area, non-raarme 
deposition. According to D. W. Johnson, the sea also covered much of the 
northern Appalachian region. 

because the coastal lands just prior to the Cretaceous were already 
low-lying as a result of the long Jurassic erosional interval. There 
was enough warping of the low coastal lands to produce wide flats, flood 
plains, shallow lakes, and marshes back from the real coast line. Over 
such areas were deposited the sediments derived from the Piedmont 
Plateau and Appalachian areas. The very irregular arrangement of the 
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deposits (Potomac) and their rich content of fossil land plants afford 
conclusive evidence that the sediments were deposited under continental 
conditions. They occur only in the northern Atlantic Coastal Plain. 

The rather widespread unconformity between the Lower and Upper 
Cretaceous in the Atlantic area proves that, at the close of the Early 
Cretaceous, there must have been enough emergence of the lands to con¬ 
vert the basins of deposition into areas of erosion. Early in the Late 
Cretaceous, however, a submergence of the coastal lands took place, 
inaugurating the deposition of the Upper Cretaceous strata. The gen¬ 
eral character, mostly marine origin, and present extent of these deposits 
prove that the submergence allowed the sea to spread over much of what 
is now called the Atlantic and eastern Gulf Coastal Plain. Subsidence 
in the Cape Hatteras region of North Carolina must have been very 
pronounced as proved by several thousand feet of Cretaceous strata there 
penetrated by a deep well. The white chalk of the Selma formation in 
.Alabama was deposited this time (Fig. 195). According to D. W. 
Johnson, the Late Cretaceous sea also spread westward over most of the 
northern .Appalachian region, which he believes was already peneplaned, 
but if so, all deposits laid down in that sea have been removed by erosion. 

It is very important to note that Appalachia, the great land-mass 
which had persisted through the many millions of years of the Paleozoic 
era as well as most of the Mesozoic era, largely disappeared under the 
Late Cretaceous sea not again to appear in anything like its former mag¬ 
nitude. 

Texas and Mexico. During most of Early Cretaceous time a 
clear and unusually deep epicontinental sea occupied much of Mexico 
and Texas and immediately adjoining regions. Great limestone beds 
were formed in this usually clear sea. Perhaps the maximum north¬ 
ward extension of this sea took place during late Early Cretaceous 
(Washita) time, when marine waters probably reached as far north¬ 
ward as Nebraska (Fig. 193). 

Throughout Late Cretaceous time marine waters generally persisted 
over the Texas area, with particularly clear water during deposition of the 
Austin chalk. Eastern Mexico was also submerged. 

The finding of various volcanic necks and beds of volcanic frag¬ 
mental material in direct association with Upper Cretaceous strata in - 
Texas, mainly along the so-called “Balcones fault,” shows that there was 
considerable vulcanism there during Late Cretaceous time. 



THE CRETACEOUS PERIOD 


311 



Fic. IQS- Typical exposure of Upper Cretaceous (Selma) chalk in Alabama. 
(After L. \V. Stephenson, U. S. Geological Survey, Prof. Paper 8i.) 


Rocky Mountain-Great Plains Region. The best evidence 
seems to show that there was limited deposition in this vast area during 
the first half of Early Cretaceous time. Late in the Early Cretaceous, 
deposits of continental origin, very much like those of the Potomac series 
on the Atlantic Coast, were laid down in the middle part of the Great 
Plains area, that is, in the northern United States and southern Canada. 
These areas are shown on map Figure 193. At this same time an arm 
of the Arctic sea spread south to central Alberta, and an arm of the 
Gulf of Mexico spread north into Nebraska (Fig. 193). There was 
considerable withdrawal of these arms of the sea temporarily at about 
the end of the Early Cretaceous. 

Early in Late Cretaceous time, the Rocky Mountains-Great Plains 
region was the scene of a very extensive marine transgression beginning 
after Dakota time, and reaching a maximum during the Colorado epoch 
(Fig. 194). In the comparatively clear waters of this sea, various 
deposits, including chalky limestones, were laid down. There is no 
^evidence that this vast interior sea had any connection with the Pacific 
Ocean. Near the close of the Cretaceous all that remained of it was a 
very narrow arm of the sea extending from the Gulf sea in western 
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Texas northward into North Dakota. At the close of the period even 
this remnant of the great interior sea vanished. 

At various times and places during the Late Cretaceous, there wa.= 
more or less volcanic activity (largely explosive) in the Rocky Mountain- 
Great Plains region of the United States as proved by the beds of tuff, 
agglomerate, etc., interbedded with the Upper Cretaceous strata. 

Pacific Coast. Very early in the Cretaceous, small embayments of 
the Pacific Ocean reached into northwestern California, southwestern 
Oregon, southwestern British Columbia, southern .Maska, and northern 
Lower California. In later Early Cretaceous time much of the coastal 
region from southern Lower California to southern .Alaska was sea- 
covered as shown by Figure 193. 

In the early part of Late Cretaceous time, the conditions were about 
as shown by Figure 194. Still later the Pacific Coast seas were con¬ 
siderably restricted by the close of the period. 

Remarkable physical conditions must have obtained in western Cali¬ 
fornia, especially in the north, to have given rise to such a phenomenal 
thickness (30,000 ± feet) of clastic sediments during Cretaceous time. 
Apparently the explanation is not far to seek because the newly uplifted 
lofty Sierra Nevada Mountains must have undergone vigorous erosion 
with resulting rapid deposition of great quantities of clastic sediments 
in the marine waters of the Franciscan gcosyncline which still largely 
occupied the sites of the Great \'alley and Coast Ranges of California. 
As previously suggested, the nature of these sediments shows that they 
were derived in large part from granitic rocks, which in turn shows 
that the great batholiths of the Sierra Nevada were laid bare and under¬ 
going erosion during Cretaceous time. 

An unconformity, indicating some uplift, deformation of strata, and 

erosion, usually separates the Lower and Upper Cretaceous in California. 
This shows that deposition of the great pile of Cretaceous strata was not 

everywhere an uninterrupted process. 

In British Columbia and Alaska, the presence of coal beds proves 
that large swampy areas, with prolific plant growths, must have existed 

locally during Cretaceous time. 

Volcanic rocks are little represented in association with the Creta¬ 
ceous strata of the Pacific Coast, thus showing that volcanic activity had 
practically ceased there after having been remarkably vigorous an 
persistent from rather Early Paleozoic to Late Jurassic time. 
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Rocky Mountain (or Laramide) Revolution. The close of the 
Cretaceous period, or, what is the same thing, the close of the Mesozoic 
era, was marked by one of the most profound and widespread disturb¬ 
ances in the post-Proterozoic history of North America. 

Over the Rocky Mountain district there had been more or less depo¬ 
sition of sediments (both marine and continental) during Proterozoic, 
Paleozoic and Mesozoic times. Toward the close of the Cretaceous, 
there was vigorous deformation, including both folding and dislocations 
of the strata, not only throughout the Rocky Mountain district in North 
America from the Arctic Ocean to Central .America, but also even along 
the line of the Andes Mountains to Cape Horn—altogether more than 
one-fourth of the way around the earth. This great crustal disturbance 



Fig. 196. An cast-west structure section through Rocky Mountain National Park, 
Colorado, revealing the arrangement of the rocks; the present surface in solid 
line; and the general outline of the great anticline as it would appear without 
erosion. The anticline was produced at the time of the Rocky Mountain 
(Laramide) Revolution. During and since the rbe of the great fold, many 
thousands of feet in thickness of strata, and considerable underlying granite 
and schist, have been removed by erosion. The sedimentary rocks involved 
in the folding range in age from Late Paleozoic to very Late Cretaceous. 
(After W. T. Lee, U. S. Geological Survey.) 

has been called the “Rocky Mountain (or Laramide') Revolution.” 
While the folding was usually not as intense as at the time of the 
“Appalachian Revolution,” nevertheless there were very considerable 
uplifts accompanied by variable degrees of folding of the strata in many 
parts of the district (Figs. 197, 198). 

The portion of the Rocky Mountains situated in the northern United 
States and southern Canada suffered the severest deformation. No 
real orogeny had affected this region from Late Proterozoic to Late 
Cretaceous time. During these hundreds of millions of years, there 
were deposited, almost conformably, in this part of the Cordilleran geo- 

* The name “Laramide” b derived from the Laramie Range in Wyoming. The 
writer, however, favors the term "Rocky Mountain Revolution” as being more in 
keeping with the great extent of thb mountain-making activity. 
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syncline, 44,000 feet of Proterozoic strata followed by 26,000 feet of 
Paleozoic formations and 20,000 feet of Mesozoic formations. This 
tremendous pile of shallow-water, largely marine sediments proves that 
this part of the great geosynclinal basin must have subsided fully 17 
miles before the orogenic force of lateral compression folded the pile 
into mountains. 



Fig. 197. Structure section in the Rocky Mountains of western Montana showing 
moderate folding of Cretaceous and older rocks. Argn, Archean; Cg, C/, 
Cambrian; Dl, D), Devonian; Cq, Cm, Carboniferous; Kl, Kmc, Kd. Creta¬ 
ceous. (.^fter Peale, U. S. Geological Survey, Folio 24.) 

A number of great, elongate, domelike anticlines, with cores of pre- 
Cambrian granite, were formed. Excellent examples are the Colorado 
Front (Fig. 196), Sangre de Cristo, Laramie, Big Horn, Wind River, 
and Uinta Ranges, and the Black Hills. 

The Rocky Mountain orogeny began well before the close of the 



Fig. 198. Structure section in the Rocky Mountains of southwestern Montana 
showing highly folded Cretaceous and older rocks. After the development of 
the two overturned folds, the rocks broke along the fault, and the mass on the 
right was shoved partly over upon the mass on the left. (.After U. S. Geological 

Survey.) 


Cretaceous, and it continued with more or less intensity into the Early 
Tertiary, but it reached a general climax near the close of the Cretaceous. 

Following the folding, great thrust faults developed in various 
regions. A fine example is in Glacier National Park where Proterozoic 
rocks were pushed at least 10 or 12 miles over Cretaceous rocks on the 
so-called Lewis thrust fault (Figs. 199, 200). The pile of gently folded 
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Proterozoic rocks (largely strata) involved in the great overthrust block, 
covers many hundreds of square miles, and reaches a length of fully 200 
miles and a thickness of fully 2 miles. Because of frictional drag of the 
overriding block, the underlying, weak Cretaceous strata were usually 
much folded (Fig. 199). Much of the movement along this profound 
fault probably continued into the Early Tertiary. Among other areas 
where great thrust faults developed at about the same time are western 
Wyoming and southern Nevada. 

The Rocky Mountain orogeny was also pronounced in parts of 
Mexico, as for example in the Parras region in the north-central part of 
the country where very thick Cretaceous and older strata were severely 
folded and thrust faulted. 

Considerable igneous activity accompanied the Rocky Mountain Rev- 



Fig. 199. Diagrammatic structure section showing how the great body of 
Proterozoic strata has been thrust-faulted from the west for miles over upon 
Late Mesozoic strata in Glacier National Park, Montana. The Mesozoic beds 
were folded by action of the over-riding block. Length of section, about 25 
miles. Vertical scale, much exaggerated. 

olution. Volcanoes were active, and laccoliths and small plutonic bodies 
were emplaced, here and there in the Rocky Mountain region from north- 
central Mexico to British Columbia during Late Cretaceous-Early Ter¬ 
tiary time. 

The original Rocky Mountains were greatly subdued by erosion by 
Late Tertiary time, and their existing altitude and main relief features 
are results of still later movements and erosion. 


Last of the Cordilleran Geanticline. This long, usually narrow 
ridge, which, from rather early Paleozoic time to near the end of the 
Mesozoic era, so commonly separated the Cordilleran geosyncline into 
an eastern trough and a western trough, ended its existence as such 
with the Rocky Mountain Revolution because marine waters never 
again occupied this part of the continent. 
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The Cordilleran .seanticline. durin" Late Cretaceous time, was an 
unusually hijih, wide, and long land area (Fig. 194), when clastic sedi¬ 
ments in great quantities were carried from it and into seas adjacent to it 
on each side. 

The Eastern Highland Region in Cretaceous Time. Turning 
our attention to the eastern highland region of the continent, we find 



Fic. 200. The Lewis thrust fault (indicated by the black line) visible for 4 miles 
in the north wall of lower Swiftcurrent Canyon in Glacier National Park. 
Montana. The trreat pile of Proterozoic strata. 3000 feet thick abo\’e the fault, 
has been thrust-faulted to the right (ca.stward) over upon the Cretaceous strata 
funder the fault), the latter having been more or less deformed by the over¬ 
riding action. 

that significant changes took place there also. This region includes the 
whole present-day area extending from central Alabama through the Ap¬ 
palachian-Piedmont district. New York, New England, and to the Gulf of 
St. Lawrence. This region was above the sea and subjected to pro¬ 
found erosion during most of the Mesozoic era so that, by Middle Creta¬ 
ceous time, it was worn down to a condition varying from early old age 
to a peneplain. 
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The most perfect peneplanation was in the northern Appalachian 
area, extending from southern New York through Pennsylvania and the 
Virginias, where relatively weak and resistant strata alike were so 
thoroughly cut down that no masses projected prominently above a low- 
lying plain. This part of the old erosion surface has been called the Fall 
Zone peneplain (Fig. 201 A). Farther northward, however, over north¬ 
ern New York and northwestern New England, and also farther south- 





A 



B 



C 

Fig. 201. Highly generalized structure sections across the Eastern Highland (Ap¬ 
palachian) region, from the Chesapeake Bay vicinity to southwestern Penn¬ 
sylvania, showing the later Cretaceous history according to D. W. Johnson’s 
theory. Pc = pre-Cambrian metamorphic rocks; G = pre-Cambrian intru¬ 
sive; P = Paleozoic strata; Tr = Triassic rocks; L.C. = Lower Cretaceous 
non-marine strata; U.C. = Upper Cretaceous marine strata. 

Section A, Middle Cretaceous Fall Zone peneplain with Lower Cretaceous 
non-marine strata on the right. 

Section B, the widespread Late Cretaceous sea (in black) and strata (dotted). 

Section C, upwarped region, largely mantled with Upper Cretaceous sedi¬ 
ments, as it appeared at the close of the Cretaceous when a new cycle of erosion 
began and brought about superimposition of southeastward-flowing streams 
such as the Susquehanna and Potomac Rivers. Figure 264 illustrates the 
Cenozoic history of the same region. 

ward as in western North Carolina, erosion reached a late mature stage 
rather than that of a peneplain partly because large masses of more re¬ 
sistant plutonic and metamorphic rocks there withstood the erosion more 
effectively. 

According to D. W. Johnson, most of the Fall Zone peneplain be¬ 
came submerged under the Late Cretaceous sea in which a mantle of 
sediments was deposited on the peneplain surface (Fig. 201B). Some 
geologists, among them the present writer, doubt this interpretation. 
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The Cretaceous period was closed in the eastern highland region by 
a disturbance which produced an upwarp of the whole region extending 
from central Alabama to the Gulf of St. Lawrence. This upward move¬ 
ment was unaccompanied by any renewed real folding of the rocks, the 
effect having been to produce a long, relatively narrow, irregular upwarp 
with its flanks dipping southeastward and northwestward, and with one 
end plunging gently toward the Gulf of St. Lawrence and the other to¬ 
ward the Gulf of Mexico. The upward movement expelled the presumed 
Late Cretaceous sea from the northern Appalachian area and there, ac¬ 
cording to Johnson, left the mantle of Late Cretaceous sediments extend¬ 
ing over most of the arch (Fig. 201C). The uplift also caused retreat 
of the sea from the Atlantic Coastal Plain region, and this explains the 
widespread unconformity there between the Cretaceous and Early Ter¬ 
tiary strata. 

Many streams flowed down the flanks or slopes of the great upwarp, 
first cutting channels through the mantle of alluvial, and in part possibly, 
marine deposits in earlier Tertiary time, and then into the underlying 
rocks, thus causing them to become superimposed streams. The discus¬ 
sion of this matter is continued in Chapter XXIII, under the caption 
‘Eastern Highland Region.” 


Climate 

The temperature of North America in Early Cretaceous time was 
generally somewhat below normal, probably because the continent stood 
higher than usual, particularly in the west where high, wide mountains, 
formed at the time of the Sierra Nevada Revolution, were still in their 
prime. Similar lower temperatures were prevalent in many other parts 
of the world as shown by the distribution of plants and animal fossils. 
Glaciers existed in eastern Australia. 

As would be expected, because of the unusually extensive epeiric 
seas, the climate of Late Cretaceous time seems to have been generally 
mild, with some distinction of climatic zones. However, the fossil 
evidence (e.g., Late Cretaceous plants in Greenland) indicates mildness 
of climate even within the Arctic circle. Greenland could not have been 
ice-covered, and dinosaurs roamed over parts of Alberta. 

The general temperature again dropped at the close of the Cretaceous, 
especially in the west, because of the great mountains formed at the time 
of the Rocky Mountain Revolution. 
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Cretaceous Life 

The true flowering plants (angiosperms) developed tremendously 
during the Cretaceous period, and they attained the supremacy which 
they still hold in the plant world. 

Relatively few species of brachiopods remained, but pelecypods, 
gastropods, and cephalopods were varied and abundant. 

Reptiles still ruled sea, land, and air. and the first snakes appeared. 
Bird life showed considerable deployment of rather modern types. 
The first (primitive) placental mammals evolved a little before the 

close of the period. 

See Chapter XXII for fuller discussions of Cretaceous life. 

Economic Products 

Coal beds of considerable extent and value are known in the Lower 
Cretaceous rocks of Alaska, British Columbia. Alberta, Australia, New 
Zealand, Belgium, and Germany, 

Coal is extensively developed in the Upper Cretaceous of the Rocky 
Mountain region of the United States. It is estimated that fully 100,000 
square miles are underlain with chiefly lignitic and bituminous coals as 
well as a little anthracite coal. Important producers of Cretaceous coal 
are Colorado, Utah, Wyoming, Montana, and New IMexico where hun¬ 
dreds of millions of tons of coal are available. 

Sands used in foundry operations occur in the Atlantic Coastal Plain, 

especially in New Jersey. 

Cretaceous clays of the Coastal Plains are used in the manufacture of 
brick and pottery. 

A heavy production of petroleum and gas has been obtained from 
the Cretaceous strata of Texas, Louisiana, and Mexico. Both oil and 
gas are obtained from the Cretaceous in New Mexico, Wyoming, Colo¬ 
rado, Montana, and Alberta. 

Cretaceous limestones are quarried in Kansas, Nebraska, and Iowa 
for building stone. 

The most important sulphur deposits in the United States occur m 

rocks of Cretaceous age in Louisiana. 

The vast supply of underground water obtained from the Cretaceous 

(Dakota) sandstone in the Great Plains region is worthy of special 
mention. Much artesian water is also derived from Cretaceous beds in 
the Atlantic and Gulf Coastal Plains. In the regions just mentioned the 
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water is held under pressure in porous sandstone by overlying impervious 
clay or shale. 

The copper deposits of the Butte, Montana, region are directly asso¬ 
ciated with the Late Cretaceous-Early Tertiary batholiths. 

European Cretaceous 

Soon after the beginning of the Cretaceous, a more or less interrupted 
marine transgression caused considerable areas of southern, western, and 
central Europe to become submerged. In western and central Europe all 
types of common sedimentary rocks were formed, as well as some beds 
of coal in Germany. As would be expected, because of the more preva¬ 
lent marine conditions in southern Europe, limestone was more commonly 
formed there. The conditions just described continued essentially until 
the close of the Lower Cretaceous, when some retrogressions of the sea 
took place. 

As in North America, so in Europe, Upper Cretaceous time was 
marked by a great transgression of the sea. This marine invasion, 
which started in the Lower Cretaceous, continued with only slight inter¬ 
ruptions well into the Upper Cretaceous, when much of Europe, except 
Scandinavia and northern Russia, was submerged. As in the Lower 
Cretaceous, the most common rock to form in Southern Europe was 
limestone. In central-western Europe all types of ordinary sediments 
are represented, but, as already stated, in northern France and southern 
England, the Cretaceous contains much chalk (e.g., Dover Cliffs) which 
is composed of microscopic limy shells, and which implies clear, if not 
fairly deep, sea water for its accumulation. 

Toward the close of the period there were upward movements suffi¬ 
cient to increase the land areas and establish basins of non-marine sedi¬ 
mentation from Spain to and across the Alpine region as shown by the 
Cretaceous fresh-water deposits there. 
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MESOZOIC LIFE 

The physical revolution which closed the Paleozoic era was accom¬ 
panied by one of the most profound changes in organisms in the earth’s 
history, and hence we find the life of the Mesozoic to have been very no¬ 
tably different from that of preceding time. Some types of animals and 
various types of plants continued from the Late Paleozoic, but the gen¬ 
eral aspect of Mesozoic life was distinctly more modern than that of the 
Paleozoic. In spite of this comparatively rapid evolutionary change in 
both fauna and flora, enough connecting links are known to make sme 
that the Mesozoic animals and plants were derived from the Paleozoic. 
Amazingly few Mesozoic species of plants or animals still exist. 

Plants 

Seedless Plants. Thallophytes were well represented during 
Mesozoic time, the lime-secreting seaweeds being especially common. 

Pteridophytes (ferns) continued to be important. 

Arihrophytes (^'horsetail rushes'^) were common and varied. Except 

for their greater size they were much like existing forms. 

Lepidophyies ^club mosses^ were greatly reduced even in Early 
Mesozoic time. The few lingering sigillarias disappeared with the 
Triassic, and the once important lepidodendrons were reduced to a very 
subordinate position much like those of today. 

Gymnosperms. These low-order, seed-bearing plants dominated 
the plant world of the Mesozoic era until Late Cretaceous time just as the 
higher seedless plants dominated the Middle and Late Paleozoic plants. 
The important pteridosperms and cordaites became extinct in the 

^I'riflssic 

Ginkgos ("maidenhair trees"), including various species, were com¬ 
mon and widespread. One species of the ginkgo has survived to the 
present day. Among living trees, it is probably the world’s most ancient 
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Fio. 202. A fine, large ginkgo tree growing in southern California. The .sketch of 

a group of leaves at the lower right shows their primitive venation (Photo 

bv Dave Packard, courtesv of the Automobile Club of Southern California.) 

^ * 


species. The ginkgo evolved from cordaites or a closely related form 
in Late Paleozoic time. The leaf has changed in shape, but its simple 
or primitive structure or venation is much like that of its Paleozoic 
ancestor. This remarkable plant once nourished in many parts of the 
world from Arctic to south temperate regions. Few of them survived 
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the vicissitudes of the Quaternary Ice Age. Then, probably because of 
a blight, their destruction was almost complete. Centuries ago Buddhist 
monks found a few survivors in central Asia and cultivated them in their 
gardens. They are now grown in many parts of the world (Fig. 202). 

Cycads and conifers, which began in the Permian, were common and 
widespread in Mesozoic time. Both bore primitive types of llowers. 



Fig. 203. Jurassic cycad leaves. fAfter Ward. V. S. Geolopical Survey, Mono 

praph 48.) 


Cycadophvles, popularly called cycads, were palmlike in appearance, 
but they were lower order forms than the palms and only distantly 
related to them. The short, stout trunks of the cycads were (and are) 
crowned with clusters of long, palmlike fronds. They attained their 
zenith of development in the Jurassic, and their modified descendants 
still exist in parts of the world. Some of the fossil cycads known as 
cycadeoids, found in Mesozoic strata show a wonderful preservation of 
detailed structures of the plants. Not only because the cycads of Meso- 
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zoic (especially Triassic and Jurassic) time were so profuse in numbers 
and in variety of species, but also because they were remarkably wide¬ 
spread over the earth, the Mesozoic era has sometimes been called the 
“Age of Cycads.” Cycads varied much in size from small bushlike 
forms to trees 40 to 60 feet high and several feet in diameter (Fig. 204). 
From the standpoint of evolution, it is important to* note that much 
evidence leads to the conclusion that the earlier Mesozoic cycads were 

Fig. 204. Restoration of a Jurassic landscape showing cycads, both bushlike and 
treelike kinds; the first known bird Archeopteryx, at lower left; and pterosaurs 
or flying reptiles at upper left. (By C. R. Knight, photo by courtesy of Chi¬ 
cago Natural History Museum.) 
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the progenitors of the highest of all classes of plants—the angiosperms. 
The conifers, in marked contrast to this history, have not given rise to 

any higher group of plants. 

The conifers, including pines, sequoias and many other types ol 
evergreen trees, gradually became more varied, and more and more mod¬ 
ern in aspect during Mesozoic time. Sc<iuoi<is. repre.sented by the pres¬ 
ent-day “Redwoods ” and “Big trees” of California, began m Late Juras¬ 
sic time, and they were varied and widespread in the Cretaceous. In 
various regions su'ch as North Carolina, Virginia, and .Xrizona, trunks of 
fossil conifers reach diameters of 6 to 8 feet and lengths of 120 to 150 

^^%etnficd Trees hi Arizona. The remarkably preserved petrified tree 
trunks, found in such abundance and beauty of color in the so-ca ec 
Petrified Forest of .Vrizona, represent mainly conifers which grew to a 



Arizona 


height of .00 to 150 feet, and with diameters as great as 6 feet. 1 he 
petrified tree trunks lie almost entirely in prostrate positions in sandstone 

and conglomerate deposits which are associated with soft 

shaly materials consisting largely of altered volcanic dust. The trees 

were stream-transported from a distance along with coarse sedimen s in 

which they became embedded. During their downstream journey they 
were stripped almost entirely of their limbs and roots. .According to the 
National Park Service: “From time to time distant volcanoes gave forth 
great clouds of volcanic ash which, carried by winds or water, choked the 
Learns, buried the sand and gravel depo.sits and their included logs, and 
tLs bu It up a new land surface on which the rivers developed new 
courses brought in and buried more logs, and were in turn covered with 
more volcanic ash ” When buried, the tree trunks were petrified that 
is replaced with silica carried by circulating subsurface water and de- 
;LTmainly frL the associated volcanic ash deposits. As weathering 
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Fk;. 206- Sections of petrified tree trunks weathered out of Triassic strata in the 
Petrifieci Forc'l of Arizona. < Phfito by G. P. Merrill, U. S. National Museum.) 


and erosion proceed, the silicifted lo^s gradually become uncovered and 
usually break into sections which move down the slopes to lower levels 
where, because of their great resistance to the weather, they accumulate 
(I'igs. 205. 206). 

Angiosperms. These seed-bearing, true flowering plants consti¬ 
tute probai)Iy nine-tenths of the land plants of the present time. Just 
when they started is not known from the fossil record, but a few forms, 
with features strongly suggestive of primitive angiosperms, have been 
found in Jurassic strata. The fact that insects, such as bees and butter- 
llies, are known from the Jurassic strongly supports the conclusion that 
true flowering plants were in existence at the same time. 

Although typical angiosperms are not definitely known to have 
existed before the Cretaceous, there can be no possible doubt about their 
presence (both monocotyledons and dicotyledons) in later Early Creta¬ 
ceous time. By the close of the period the angiosperms had developed 
so phenomenally as to attain a position of supremacy among plants—a 
position which they have held ever since. The origin, deployment, 
and remarkable development of the typical angiosperms “was one of 
the most important and far-reaching biologic events the w’orld has 
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known. ... So far as we know, this flora appears to have had its 
origin in eastern or northeastern Xorth America, in the Patapsco division 
of the Potomac series. Although the great majority of the plants found 
in association in these beds, both as regards species and individuals, 
still belonged to lower Mesozoic types, such as ferns, cycads, and conifers, 
we find ancient if not really ancestral angiosperms. ... No sooner 
were they (angiosperms) fairly introduced than they multiplied with 
astonishing rapidity and in the . . . Raritan they had become dominant, 
the ferns and cycads having mostly disappeared and the conifers having 



Fic 207. Impression of a Late Cretaceous angiosperm leaf, Ti/w dakolatta on & 
piece of shale from South Dakota. Width oi leaf, seven inches. (After E. W. 

Berry.) 


taken a subordinate position” (Knowlton). No present-day species 
existed, but, among the more modern genera were oaks, elms, magnolias, 
maples, figs, laurels, palms, grasses, etc. Later Cretaceous angiosperms 
were remarkably uniform and widespread over the earth. 


Invertebrate Animals 

Lower Invertebrates. Among the tiny single-celled animals (pro¬ 
tozoans), the foraminifers were exceedingly profuse during parts of Cre¬ 
taceous time in clear sea waters which extended over the Gulf Coastal 
Plain area of the United States, southern England, parts of France, and 
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other areas (Fig. 208). Their shells helped to build formations of chalk 
hundreds of feet thick and many miles in extent. 

Sponges were very abundant and diversified. They are often beau¬ 
tifully preserved, even to the minutest details. 

The modern types of corals, with six or eight partitions (Hexacoralla 
and Octacoralla) began very late in the Paleozoic, and they were abun¬ 
dant and diversified throughout the Alesozoic. Like present-day corals 
they were tiny individuals, secreting carbonate of lime from sea water, 
and they nearly all grew in profusely branching colonies. The charac- 



208. Crct.'iceoU' foraminifers. jrrcally en- 
Iari:ccl, (.-\flcr Cahin. from I.e Conic’s “Oc- 
olo^y,” permission of D. .Appleton and Com¬ 
pany.) 



Fk;. 2og. \ Jurassic crinoid, 
Peutacrinus. About natu¬ 
ral size. (.After Goldfuss.) 


teristic Paleozoic corals (with four partitions) became extinct in Early 
Mesozoic time. 

Echinoderms underwent no really profound ev'olutionary change dur¬ 
ing the Mesozoic. All important subdivisions were well represented. 
The stalked forms (“stone lilies”) took on a more modern aspect, and 
they were especially profuse and complex in structure during Jurassic 
time when single individuals are known to have had more than 600,000 
segments made of carbonate of lime. Some of these had heads 10 inches 
long (Fig. 209). Astcrozoans were moderately represented and they 
had already assumed a distinctly modern structure. Echinoids (sea 
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urchins), which first attained much prominence in the Triassic, con¬ 
tinued to increase in abundance and variety in the ^lesozoic. Eail\ in 
the Jurassic regular forms only existed, but later in the period the irregu¬ 
lar forms made their first appearance. The regular forms were radially 



Fic. 210. .A rccjular or 
radially symmetrical 
cchinoid, Pseudodiad- 
enia texanum, of Early 
Cretaceous aRc. (Af¬ 
ter Hill and Vauuhan, 
U. S. Geological Sur¬ 
vey, Folio 76.) 



Fic.. 2 11. An irregular or 
bilaterally symmetrical 
cchinoid, Ilemiasler icx- 
anus, of Cretaceous age. 
(.After Hill and Vaughan, 
V. S. Geological Survey, 
Folio 76.) 


symmetrical, while the irregular ones were only bilaterally symmetrical 
(see Fi»s -.lo 211). Since the latter are distinctly more modern m 
structure, we have here another good illustration of progressive evolu¬ 
tion toward modern forms. Both regular and irregular forms esisted in 


the Cretaceous. 

Braekiopods showed two important 
reduction in number of species and of 
individuals, and (2) the shells with 
straight-hinge lines becoming subordi¬ 
nate to those with curved-hinge lines for 
the first time, the latter being well rep¬ 


resented by the Cretaceous genus il¬ 
lustrated by Figure 212, To the present 
day the brachiopods never again became 
conspicuous elements of the fauna. In 
spite of the important changes, a few of 
the Paleozoic genera survived the transi¬ 
tion to the Mesozoic. 


Mollusks. Pelecypods were more 


changes, namely (i) a great 



Fic. 212. A Cretaceous bra- 
chiopod, Terebratula. One-half 
natural size. (From Shimer’s 
“Introduction to the Study of 
Fossils,” courtesy of The Mac¬ 
millan Company.) 
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abundant and varied than ever before, their 
shells often constituting whole beds or thick 
strata. They were mostly modern in appear¬ 
ance and included many still existing genera. 
Thus the oyster family, represented by the liv¬ 
ing genus Ostrea, ranged through the Meso¬ 
zoic, the common genera Rxogyra and Gryphea 
lived during Jurassic-Cretaceous times, and 
the genus Inoceramus was important in the 
Cretaceous. Figure 213 shows several typical 

Mesozoic pelecypods. 

Gastropods were common. Several Paleo¬ 
zoic genera continued into the Early Mesozoic, 
but more modern forms, including various ex¬ 
isting genera, gradually appeared during the 
era. 



Fig. 214. A Triassic cera- 
tite, Ceratites, with part 
of shell removed to show 
suture structure. One- 
half natural size. (.After 
J. P. Smith, slightly 
modified by accentua¬ 
tion of sutures.) 


Among the cephalopods^ the straight- 
shelled nautiloids, which ranged through the Paleozoic era, became ex¬ 
tinct in the Triassic, but the coiled forms then were still common and 
much like those of the Late Paleozoic. Late in the Mesozoic, however, 
the nautiloids were greatly reduced to a comparatively few coiled forms 
much like the modern pearly nautilus. 



Fig. 215. A highly coiled Jurassic am¬ 
monite. Diameter of specimen, about 10 

inches. 
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Among the ammo}wids an evolutionary feature of particular interest 
was the development of still greater complexity of shell structure. 
Goniatite-like forms still persisted, but. even early in the Triassic, forms 
with slightly serrated sutures or partition structures (e.g., Ceratites, 
Eig. 214) appeared. Later in the Triassic representatives of the most 
complex of all known chambered cephalopods. that is the ammonites, 
appeared. 'I'hey reached their zenith of development in the Jurassic. 
In many of the coiled forms the compartment partitions became so 





Fig. 2i6. Cretaceous ammonite with part 
of outer shell removed to show the com¬ 
plicated suture or partition structure. 
Diameter of specimen, about 19 inches 
(.After Anderson and Hanna.) 


highly complicated as to be comparable to the sutures of human skull 
plates (Fig. 216). Several thousand species are known from Jurassic 
and Cretaceous strata which, in certain localities, are literally filled with 
their fossil remains. Not only were they the most complex cephalopods 
of all time, but also many of them were of great size. Some of the coils 
were several feet in diameter, and would have been 30 to 40 feet long 
if straightened out. 

During later Mesozoic time many of the ammonites showed a re¬ 
markable tendency to assume strange forms (Fig. 217). Some devel- 
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oped uncoiled shells; others spiral shapes; while still others were curved 
or actually straight (e.g., Baculites). Thus, externally at least, there 
was a reversion to the Early Paleozoic forms, but in all cases they re¬ 
tained their complicated suture or partition structure. “These strange 
forms have been likened by Agassiz to death-contortions of the am¬ 
monite family; and such they really seem to be. . . . From the point of 


Evolution of the Chamber-shelled (Tetrabranch) Cephalopods 


Quaternary 


Tertiary 


Cretaceous 


Jurassic 

Triassic 


Permian 


Mississippian 

Pennsylvanian 


Devonian 


Silurian 


Ordovician 


Cambrian 


Chamber-shelled cephalopods represented 
only by a few genera of close-coiled nau- 
tiloids, e.g., modern pearly Nautilus 
(Fig. 218, i). 

Ammonoids very rare and in lowest Ter¬ 
tiary (Paleocene) only. 

Ammonoids much like Jurassic though 
somewhat diminished and with straight 
forms, e.g., Baculites (Fig. 217), and 
curved or open-coiled forms more com¬ 
mon. 

Ammonoids greatly advanced in numbers,' 
species, and complexity of septa, and 
they reach their climax, e.g., Ceratites 
with scalloped septa (h'ig. 214); am¬ 
monites with highly frilled septa (Fig. 
216); and some curved and straight 
ammonoids. 

Ammonoids common, some showing dis- ] 
tinctly increased (highly curved) com¬ 
plexity of septa, e.g., Waagenoceras 
(Fig. 141). 

Much like Devonian, but complexity of 1 
septa in goniatites somewhat increased > 

(Fig. 140). J 

Ammonoids first appear with only slight 
(angular) complexity of septa junctions, 
e.g., goniatite (Fig. 139). 

Much like Ordovician. No ammonoids. 


Close-coiled forms, e.g., TrochoUtes (Fig.' 
136^). 

Open-coiled forms, e.g., Trochoceras (Fig. 

136c). 

Curved forms, e.g., Cyrtoceras (Fig. 1366). 
Straight forms, e.g., Orthoceras (Fig. 

136a). 

Straight and curved forms only. 


Close coiled nautiloids 
only persist, e.g.. 
Nautilus, but more 
varied than now. 


Some nautiloids pres¬ 
ent, but Orthoceras 
becomes extinct in 
Triassic. 


Nautiloids, including 
Orthoceras, persist, 
but subordinate. 

Nautiloids still pre¬ 
dominate. 

Simpler forms (nauti¬ 
loids) continue as in 
Silurian. 

Coiled nautiloid forms 
predominate. 


Straight forms pre¬ 
dominate. 
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view of evolution, it is natural to suppose that under the gradually chang¬ 
ing conditions which evidently prevailed in Cretaceous times, this vigor¬ 
ous Mesozoic type would be compelled to assume a great variety of 
forms, in the vain attempt to adapt itself to the new environment, and 



Fic. 218. Sketches of chambered cephalopods showing the mam steps m the evolu¬ 
tion of the shell forms and compartment partitions: a, b, the only kinds in 
Cambrian time; c, d, forms added in the Ordovician; e, added in the Devonian; 
f, added in the Late Paleozoic; g, h, characteristic of the Mesozoic era. and 1, 
a living form (pearly nautilus) cut through. (Drawn by the author.) 

thus to escape its inevitable destiny. The curve of its rise, culmination, 
and decline reached its highest point just before it was destroyed. The 
wave of its evolution crested and broke into strange forms at the moment 
of its dissolution.” ’ Very few if any ammonites crossed the line into 
the Early Cenozoic, and such an abrupt termination of so abundant and 

*J. Le Conte: Elements of Geology, 5th ed., pp. 459-500. 
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diversified a group of animals has rarely been equaled in the history of 
the animal kingdom. 

Another important advance among the cephalopods was the appear¬ 
ance of the dibranchs in the Triassic. They are the highest of all mol- 

lusks, including modern “cuttlefishes.” Jurassic di¬ 
branchs were e.xceedingly abundant both in numbers 
of species and of individuals. Most characteristic 
of these were the Belemnites, so called because of the 
long, conical, or dart-shaped, internal shells which are 
generally the only portions preserved in the fossil 
state. They were similar in appearance to the mod¬ 
ern squid or cuttlefish. Some Jurassic forms reached 
a length of over 2 feet. A few specimens from the 
English Jurassic show almost perfect preservation of 
the original creature (see Fig. 219). Ink bags, like 
those found in the modern squid, are sometimes so 
well preserved that drawings of the fossils have actu¬ 
ally been made with ink taken from their own ink 
bags. 

Belemnites declined greatly by the close of the 
Mesozoic. 



Arthropods. Of the crustaceans, the trilobites, 
so important in the Paleozoic, did not continue into 
the Mesozoic. The malacostracans were represented 
by the first appearance of the so-called long-tailed 
decapods (lobster family) in the Triassic. These 
rank among the highest of all crustaceans (Figs. 220, 221). During the 
Jurassic the lobster forms showed many genera and species, and the 
short-tailed decapods (crab family) made their first appearance. Many 
types intermediate between the long-tailed and short-tailed decapods 
were very common, these connecting forms being of special evolutionary 
interest because, in the embryonic development of the modern crab, the 
long tail of the early stage gradually becomes shorter and practically 
absent in the adult stage. This is an excellent example of the so-called 
“Law of Recapitulation” (see Fig. 222). The short-tailed decapods 
increased notably during the Cretaceous. 

Hundreds of species of Jurassic insects are known. There were 
many of the simpler forms, such as grasshoppers and cockroaches. 
Among higher forms the beetles became very abundant, while flics and 


Fig. 219. .A Ju¬ 
rassic bclcm- 
nitc, Belemno~ 
teuthis. Much 
reduced. (Mod¬ 
ified after Man- 
tell.) 
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Fig. 220. A Tri- j j 

assic long-tailed Fic. 221. A Jurassic long-tailed dec- 

decapod, Pern- apod (lobster), Eryma. (After 

phix an an- Neumayr’s “Erdgeschichte. from 

cestral lobster. Schuchert’s “Historical Geology,” 

One-half natu- courtesy of John Wiley and Sons.) 

ral size. (From 



Fic. 222. Three stages itr the life history of a modern crab. The larval sUge B 
is very similar to the adult Jurassic form shown in Fig. 221. (After Couch, 
from Le Conte’s “Geology,” permission of D. Apolcton and Company.) 
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still higher insects such as bees, ants, butterflies, and moths made their 
first appearance in the Jurassic. The insect life in the world was, there¬ 
fore, remarkably modern in aspect thus far back in geological time. 



Fic. 223. A (ganoid, Catoptenis, from the Triassic sandstone of Connecticut. 

(After Newberry, U. S. Geological Survey, Monograph 14.) 


Fishes and Amphibians 

Fishes. A very important advance took place among the fishes 
with the introduction of the true bony fishes, known as teleosts, during 
Jurassic time (Fig. 224). These comprise the most highly organized 
of all fishes, including such modern types as salmon, cod, and herring. 
They gradually evolved from the ganoids which latter continued to be 



Fig. 224. A primitive or ancestral Jurassic teleost, Hypsocormtis. (From Scott’s 

“Geology,” courtesy of The Macmillan Company.) 


the predominant fishes until Cretaceous time (Fig. 223). Since that 
time the ganoids have dwindled almost to extinction, while the teleosts 
have become exceedingly profuse and diversified. The Jurassic teleosts 
were simple forms, not numerous, and frequently on the border between 
true ganoids and true teleosts. Cretaceous sharks, which were common 
and often large, have left an almost incredible number of fossil teeth. 
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Amphibians. Though somewhat diminished as compared with the 
later Paleozoic, Triassic amphibians were numerous and often notable 
for their great size. In general they were much like the Late Paleozoic 
forms. Mastodonsaurus attained a length of 15 or 20 feet and had a 
skull 4 feet long. The Bunter series of Germany is particularly rich in 
fine fossil amphibians. By the close of the Triassic the amphibians had 
declined remarkably, so that among the land vertebrates, of which they 
were the ancestors, they never again assumed a position of importance. 
Comparatively few, relatively small forms, such as frogs, toads, and 
salamanders, represent this once great class of animals at the present 
time. 


Reptiles 

General Statement. The Mesozoic era has been appropriately 
called the “Age of Reptiles,” since those animals were at once the most 
characteristic and powerful creatures of the time. So far as known, the 
first true reptiles appeared in the Pennsylvanian. During the Mesozoic 
they rose to great prominence, both in number of individuals and diver¬ 
sity and size of forms; reached their culmination in the midst of the era; 
and declined in a most remarkable manner toward the close of the era. 
During the Mesozoic the reptiles ruled all fields—sea, land, and air. 

“The advance from the amphibian to the reptile was a long forward 
step in the evolution of the vertebrates. . . . Yet in advancing from the 
amphibian to the reptile the evolution of the vertebrate was far from 
finished. The cold-blooded, clumsy and sluggish, small-brained and un¬ 
intelligent reptile is as far inferior to the higher mammals, whose day 
was still to come, as it is superior to the amphibian and the fish” (W. H. 
Norton). 

Extinct Mesozoic Reptiles. On page 340, the grouping of some 
characteristic, extinct Mesozoic reptiles is not meant to be an exact 
scientific classification. It is a simple arrangement for convenience of 
elementary discussion, and it is by no means complete. Unless otherwise 
stated, the types mentioned ranged through the whole Mesozoic era. 

Enaliosaurs. There are many known types of these swimming rep¬ 
tiles, but only a few of the most typical and characteristic forms are 

chosen for description. 

The Ichthyosaurs were fishlike forms which ranged in length up to 
25 or 30 feet. They had stout bodies, very short necks, and large heads 
(Figs. 225, 226). The head, sometimes 4 or 5 feet long, had an 
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I. Enaliosaurs (“Sea-lizards”) 
(Swimming reptiles) 


2. Dinosaurs (“Terrible-lizards”) 
(Walking reptiles) 


3. Pterosaurs (“Winged-lizards”) 

(Flying reptiles) 

4. Theriodonts 

(Mammal-like reptiles) 


f I. Ichthyosaur (“Fish-lizard”), 
i 2. Plesiosaur (“Lizard-like”). 

1 3. Mosasaur (“Meuse River lizard”) • 
[ (Later Mesozoic only). 



Sauropod (“Lizard-footed”) 

(Not known from the Triassic). 
Stegosaur (“Plated-lizard”) 

(Not known from the Triassic). 
Triceratops (“Three-horned face”) 
(Later Mesozoic only). 
Theropod (“Beast-footed”) 
Ornithopod (“Bird-footed”) 

(Not known from the Triassic). 


e.g. 


1. Pteranodon (“Winged, toothless”). 

2. Rhamphorhynchus (“Beaked-snout”). 


eg. 


Cynognathus 

(Late Permian and Triassic). 


elongated snout in which as many as 200 large sharp teeth were set in 
grooves. In some forms comparatively small eyes, and in others enor¬ 
mous ones, sometimes over a foot in diameter, were protected by bony 
plates. A powerful tail with two lobes set vertically had the vertebral 
column extending through the lower lobe. The four limbs were per- 



Fic. 225. A remarkably preserved skeleton of a Jurassic ichthyosaur. It contains 
parts of several skeletons of unborn young. It is about 12 feet long. (Cour¬ 
tesy of the American Museum of Natural History.) 


fectly converted into swimming paddles, thus strongly suggesting that 
these, as well as other enaliosaurs, represented former land reptiles which 
adapted themselves to a water environment much like certain mammals 
of today, such as whales and dolphins. Fishes and cephalopods were 
largely their prey, as proved by the fossil contents of their stomachs, no 
less than 200 belemnite remains having been found in one specimen 
alone. Many remarkably preserved specimens of ichthyosaurs have 







Fig. 226. Restored Mesozoic swimminR reptiles. Ichthyosaurs, 20 to 25 feet long, 
on the right; plesiosaurs, 40 to 50 feet long, on the left. (By C. R. Knight, 
photo by courtesy of Chicago Natural History Museum.) 


been discovered (Fig. 225), some with even the embrj^os plainly visible 
within the bodies. Ichthyosaurs ranged through the whole IMcsozoic. 

Plesiosaurs were less powerful forms than ichthyosaurs, though they 
were usually longer, some having attained a maximum length of 40 to 
50 feet (Fig. 226). A stout body, long, slender neck, small head, short 
tail, and four powerful paddles were characteristic features. Sharp 
teeth were set in sockets (not grooves) in the jaw. With their slender, 
serpent-like necks, often 10 to 20 feet long, ‘ the Plesiosaurs could lie 
motionless far below the surface, occasionally raising their heads above 
the water to breathe, or darting them to the bottom after their prey, 
which consisted chiefly of flesh’* (W. B. Scott). Plesiosaurs ranged 
through the whole Mesozoic. 

Mosasaurs were true “sea-serpents” or carnivorous marine reptiles 
which often reached a length of from 40 to 75 feet (Fig. 227). Though 
now wholly extinct, they were closely related to snakes and lizards in 
structure. The four limbs were converted into short, stout, swimming 
paddles, and their jaws were set with sharp teeth. The relatively smaller 
head, long, slender body, and different tail structure distinguished the 
mosasaurs from the ichthyosaurs, as a comparison of the accompanying 
pictures will show. Mosasaurs existed during the latter portion only 
of the Mesozoic. 

Dinosaurs. These Mesozoic reptiles comprised a great variety of 
forms as regards both shape and size. Only five of the more common 
and characteristic types have been selected for description. Like most 
other reptiles, the dinosaurs laid eggs, fossilized specimens of which have 
been found. 

The sauropods were the largest of all Mesozoic reptiles, and in fact 
they included the largest animals which ever trod the earth. Well- 
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Fig. 227. A mosasaur, Tylosaurus, of the cnaliosaur division of Mesozoic reptiles. 
Maximum Icncth about 75 feet. Restoration by C. R. Knight under the direc¬ 
tion of H. F. Osborn. (Courtesy of the American Museum of Natural History, 
from Scott’s “Geology,” by permission of The Macmillan Company.) 



Fig. 228. The longest of all known dinosaurs, a sauropod. Diplodocus. A mounted 
skeleton in the Carnegie Museum of Pittsburgh is about 80 feet long. Re¬ 
stored by C. R. Knight under the direction of H. F. Osborn. (Courtesy of 
the American Museum of Natural History.) 
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preserved specimens are known whose lengths are from 75 to 90 feet, 
and recently one has been discovered in Utah which it is thought will, 
when mounted, show a length of over 100 feet. It has been estimated 
that one of the largest brutes must have weighed about 40 tons. They 
had extremely long necks and tails, very small heads and brains, and 
four great legs. Thigh bones 7 feet long are known. They were five¬ 
toed and plantigrade, and doubtless walked with their bodies well above 
the ground. Some were exceptionally long and slender (Fig. 228), but 
certain others, shorter and more massive, were heavier. All were plant- 



Fig. 229. Unearthing dinosaur bones in Bone Cabin Quarry, Wyoming. (Courtesy 

of Museum of Natural History.) 


eaters provided with grinding teeth. Sauropods ranged through Jurassic 
and Cretaceous times. 

The stegosaurs are so named because of the double row of great bony 
plates on the back of each of these most remarkable brutes (Fig, 230) 
which attained a maximum length of 30 to 40 feet. The long, power¬ 
ful tail had pairs of long spines toward the end instead of plates. As 
compared with the sauropods the neck was short. They were quadru¬ 
pedal, four-toed in front, and three-toed in the rear. All were plant- 
eaters. The brains of all dinosaurs were almost incredibly small, even 
as compared with modern reptiles, and this was particularly true of 
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stegosaurs. The stegosaurs ranged through Jurassic and Early Creta¬ 
ceous times. 

Triceratops was another strange-looking creature, so named because 
of its three horns—two of great size just back of the eyes and a smaller 
one on the nose (see Fig. 231). The enormous flattened skull had a 
sharp beak in front. The skull extended backward into an immense 
hood or capelike structure. According to ^Marsh they (Triceratops) 
had the largest heads and smallest brains of the reptiles, and hence they 


Fig. 230. A stegosaur, an armed dinosaur. Maximum length, 30 to 40 feet. 

Restored by C. R. Knight. (Courtesy of the American Museum of Natural 

History.) 

must have been exceedingly stupid. Skulls 6 to 8 feet long have been 
found. The four legs and the tail were massive and powerful. This 
creature attained a length of fully 25 feet, and it had a bulk about twice 
that of an elephant. It was a plant-eater and probably not as ferocious 
as it looked. Good specimens have been found in the western interior of 
the United States. Triceratops existed only during the Cretaceous 
period. 

Theropods were carnivorous dinosaurs, as proved by their numerous 
sharp teeth set in comparatively large heads (see Fig. 231). They were 
bipedal, that is, they walked on two legs, the front limbs having been 




Fig. 231. Restoration of a great two-legged theropod dinosaur {Tyrannosaurus) 
and several four-legged dinosaurs {Triceralops) from the Cretaceous strata of 
Montana. Tyrannosaurus, nearly 50 feet long, was the greatest carnivorous 
land animal of all known time. Painted by C. R. Knight under the direction 
of H. F. Osborn. (Courtesy of the American Museum of Natural History.) 

very small and used only for grasping. The toes were armed with 
sharp daws. The bipedal habit combined with the long, ponderous tail 
gave them a sort of kangaroo aspect. The limb bones were hollow, thus 
suggesting a birdlike structure. In fact before it was known that the 
numerous tracks in the Newark sandstone of the Connecticut Valley 
were made by creatures of this sort, they were called bird-tracks. Thero- 
pods varied in length from 3 to nearly 50 feet, and though much smaller 
than many other dinosaurs, they were probably the most ferocious of all, 
and they more than likely preyed upon the much larger plant-eaters. A 
mounted skeleton of one of these creatures, called Tyrannosaurus, in the 
American Museum of Natural History is 47 feet long. It represents 
the greatest known flesh-eating land animal of all time. The theropods 
lived through the whole Mesozoic, and they have been found in many 
parts of the world. 

Ornithopods were in general appearance much like the theropods, 
but they were plant-eaters, as shown by the tooth structure. They were 
bipedal, the hind limbs having only three functional toes, giving a sort 
of birdlike track. The largest of these creatures measured 30 feet in 
length, and when walking they must have stood 15 or 20 feet high. 
Ornithopods ranged through all of the Mesozoic except the Tjuassic. 
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Dinosaur Footprints. Dinosaurs often left footprints on exposed 
mud-flats during Mesozoic time. In some cases the tracked surfaces, 
after drying in the sun, were covered by deposits left by succeeding flood 
waters. Such tracks are found here and there through thousands of feet 
of Triassic strata in the Connecticut Valley. Such footprint-bearing 

Fic. 232. A remarkable exhibition of dinosaur tracks on a bedding surface of 
Lower Cretaceous strata. Alongside the footprints of a large, four-legged, 
herbivorous dinosaur (sauropod) are those of a two-legged, three-toed, carnivo¬ 
rous dinosaur. The three-toed tracks were made very soon after the others 
thus suggesting the possibility of pursuit of the sauropod by the carnivore. 
Near Glen Rose, Texas. (Photo by Roland T. Bird.) 
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strata are fine illustrations of the remarkable detail in which some geo¬ 
logical records may be preserved. An excellent outcrop, about ,?o by 
150 feet in size, may be seen close to the road a few miles north of 
Holyoke, Massachusetts. Dozens of tracks, made by several sizes and 



Fig. 233. Tracks of a large two-legged dinosaur on Triassic sandstone from the 
Connecticut Valley, showing how both feet slid some distance in the soft 
material after which the creature suddenly sat down, the end of the back¬ 
bone having left a distinct impression. (After Edward Hitchcock.) 

species of two-legged dinosaurs, may be seen in an amazing state of per¬ 
fection on the surface of this ledge. The tracks, which are three-toed, 
range in length from 3 to 16 inches (Fig. 233). Ripple marks, and 
even raindrop impressions, also occur. 

Dinosaur tracks of Triassic age are well shown near Tuba City, 
Arizona. 
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Scores of tracks, made by several species of dinosaurs, have been 

found on outcrops of Cretaceous sandstone in Peace River Canyon 
British Columbia. ^ 

Remarkable for size are those occurring in coal-bearing strata of 

Cretaceous age at Standardville, Utah. The largest of these tracks, over 

4 feet long, were made by a great two-legged creature with a stride of 

12 feet! (Tigure 234). The bones of this creature have not been found. 
It was probably a plant-eater. 

Other footprints, remarkable for size and numbers, have more re¬ 
cently been found in Texas near Glen Rose and in Bandera County. 
Figure 232 shows a fine exhibition of series of footprints of four-legged 



Fig. 234. A sketch of footprints, each over 4 feet lon^, left by a great two-legged 
dinosaur with a stride of 12 feet. Found in coal-bearing Cretaceous strata at 
Standardville, Utah. (After C. N. Strevell.) 

(sauropod) and two-legged (theropod) dinosaurs on Lower Cretaceous 
rock near Glen Rose. 

Dinosaur Eggs. It is definitely known that some of the dinosaurs 
laid eggs. *‘The fossil eggs were found in Madagascar (many) years 
ago, , . . and more recently they have been found in old (Cretaceous) 
sands which were dune sands in Mongolia millions of years ago, so that 
the presumption is strong that they all laid eggs” (E. \V. Berry). Still 
later some fragments of shells were found in Wyoming. 

The finest collections were obtained in Mongolia by the American 
Museum of Natural History expeditions. These eggs, elongate and 
nearly a foot long (Fig. 235), were laid by comparatively small, four¬ 
legged, horned dinosaurs (Protoceratops), skeletons of which were also 
found. 
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Dinosaur Brains. Dinosaurs in general must have been exceedingly 
stupid creatures because their brains, relative to size of the animal, were 
amazingly small. A big modern elephant has a brain weighing about 8 
pounds, but a still bigger stegosaur had a brain weighing less than 3 
ounces! A great sauropod (Fig. 228), nearly 90 feet long and fully 
25 tons in weight, had a brain about as large as a hen’s egg. As if to 
partially make up for such a tiny brain, there was a much bigger mass 
of spinal material (sacral ganglion) concentrated over the hind legs. 
This was probably necessary in order to control the rear part of the 
huge bulk, especially the great hind legs and tail. This was not, how¬ 
ever, true brain material. 



Fic. 235. Dinosaur eggs weathering out of a cliff of Cretaceous strata in Mongolia. 

(Courtesy of the American Museum of Natural History.) 


Extinction of the Dinosaurs. One of the most astonishing events in 
the history of animal life was the extinction of the mighty dinosaurs. 
After ruling the lands for scores of millions of years, through a whole 
geologic era, they completely vanished from the earth in a remarkably 
short time. 

Several factors probably contributed to their extinction. Probably 
their great size was a factor for it is well known “that while very large 
animals spend nearly all their time in eating, small animals spend a 
small proportion of theirs, and most of it in other activities. Now, 
as long as food is abundant, the larger animals of a race have the bet¬ 
ter chances, but if a scarcity of food ensues, the larger animals may all 
be suddenly swept out of existence” (W. D. Matthew). 
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An important factor no doubt was the great uplift of lands at the 
time of the Rocky Mountain Revolution in North America, and in 
many other parts of the world, causing profound topographic and cli¬ 
matic changes in the habitats of the dinosaurs. Thus the browsing 
grounds of these reptiles were often literally wiped out as such—broad 
lowlands giving way to mountains; mild, moist climate changing to cold 
or dry; and rich vegetation for food supply being much reduced. The 
dinosaurs had to adapt themselves to the changing conditions or disap¬ 
pear from the earth. They faced the test and failed completely. 

Another factor probably was the rise of the small but more agile, 
more intelligent mammals which very likely ate the dinosaur eggs left in 
unguarded nests. 



Fic. 236. Restoration of a Rhamphorhynchus of the pterosaur division of Meso¬ 
zoic reptiles. Spread of wing about 2 feet. (Restored by Marsh.) 


Without doubt their low intelligence, as shown by their amazingly 
small brains, also proved to be a serious handicap. 

Pterosaurs. These were real “flying-dragons” in Mesozoic time. 
They varied greatly in size from about that of a sparrow to others with 
a spread of wing of 25 feet, which is about twice that of any modern 
bird. Not only did they include the largest creatures which ever flew 
but, on account of their hollow bones, their skeletons were wonderfully 
light. One finger of each front limb was enormously lengthened to sup¬ 
port the flying membrane, as shown in Fig. 236. The other fingers were 
armed with sharp claws. In general we may recognize two groups. 
One group, typified by the Pteranodon (Fig. 237), had a short, stout 
body, short tail, and moderately long neck. The earlier Mesozoic forms 
were supplied with sharp teeth, while the Cretaceous forms were mostly 
toothless. The other group, typified by the Rhamphorhynchus (Fig. 
236), had long tails, and in one species at least the end of the tail was 
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FlC. ii'j. Skeleton of a Cretaceous pterosaur known as Pteranodon. This great 
flying reptile, with a wing-spread of nearly 25 feet, was the largest of all known 
flying creatures. Note the impressions of the membranous wings. (Courtesy 
of the American Museum of Natural History.) 


expanded into a sort of rudder. Many wonderfully preserved speci¬ 
mens of pterosaurs have been found, some with even the wing membranes 


preserved. Pterosaurs ranged 
from the Late Triassic to the 
close of the Mesozoic. 

Theriodonts. These rep¬ 
tiles, which began in Late Per¬ 
mian time and ranged through 
the Triassic, are of special in¬ 
terest because they possessed 
certain mammalian characteris¬ 
tics. Thus they differed from 
other reptiles of the time in 
having canine, incisor, and mo¬ 
lar teeth, as well as some 
mammal-like features of the 
head. They varied greatly in 
size. Some of their heads were 
fully 2 feet in length. Their 
stout bodies were carried well 
above the ground. A good ex¬ 
ample is Cynognathus (Fig. 
238). 




1 

t 



Fig. 238. Restoration of a Triassic 
theriodont, Cynognathus. This rep¬ 
tile possessed certain mammalian 
characteristics. The creature was 
about 6 feet long. (By F. Jacques, 
photo by courtesy of American Mu¬ 
seum of Natural History.) 


Surviving Mesozoic Rep¬ 
tile Groups. Though overwhelmed by the reptiles above described 
and of less peculiar interest because they represent groups still living, 
certain other Mesozoic reptiles deserve brief mention, 
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Turtles date back at least to the Middle Triassic, and even those 
very early forms clearly showed the familiar structure which easily sep¬ 
arates them from other reptiles. 

Lizards are known even from the Triassic, and, though they ranged 
through the Mesozoic, they were always small and comparatively rare. 

Crocodiles made their first appearance in the Jurassic, and some were 
marine forms. In appearance they resembled the modern gavial of 
India, particularly as regards the long, slender snout. Crocodiles were 
numerous from the Jurassic to the end of the Mesozoic. 

Snakes are not known to have appeared until late in the Cretaceous, 
and those early forms were small and comparatively rare. 

Birds 

A very important feature from the standpoint of evolution was the 
introduction of the feathered creatures in the Jurassic. “The class of 
birds is now so distinctly separated from all others and the connecting 
links obliterated, that the earliest birds are of especial interest as throw¬ 
ing light on the evolution of this class. Until 1862 birds had been 
found only in the Tertiary, and these were already distinctly differen¬ 
tiated as typical birds. But in that year there was found in the Solen- 
hofen (Bavaria) limestone, so celebrated for its marvelous preservations 



Fig. 239. This skeleton of a Jurassic reptilian bird, Archeopteryx, was sketched 
from a specimen on a slab of limestone. The bird was about the size of a 
large crow. (After Dames.) For restoration see Figure 204. 
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of organisms, a flying feathered biped, and therefore presumably a bird. 
But how different from our usual conceptions of this class! Along with 
its distinctive bird-characters of feet, limb-bones, beak, and especially of 
feathered wings, it had the long tail and toothed jaws of a reptile (Figs. 
204, 239). The structure of the tail is especially significant. In or¬ 
dinary birds the tail proper is shortened up to a rudiment and ends in 
a large bone, from which radiate the feathers of the tail-fan. In this 
earliest bird, on the contrary, the tail proper is as long as all the rest 
of the vertebral column put together, consisting, as seen in the figure, 
of twenty-one joints from which the fan feathers come off in pairs on 
each side. The tail-fan of this bird differs from that of typical birds 
precisely as the tail-fin of the earliest fishes differs from that of typical 
fishes. The tail-fan of this earliest bird, like the tail-fin of the earliest 
fishes, was vertebrated. This wonderful reptilian bird was called Ar- 
cheopteryx (‘primordial winged creature’), and the species macrura 
(‘long-tailed’). ... So complete is the mixture of the two kinds of 
characters that some zoologists believe that the reptilian characters pre¬ 
dominate, and that it should be called a birdlike reptile. Most agree, 
however, that it is a reptilian bird.” ' Thus, while the evidence seems 
conclusive that birds were evolved from reptiles, there is no conclusive 
evidence that they were derived from the flying reptiles (pterosaurs). 
Rather there appears to have been a development of these two remark¬ 
able groups of flying creatures alongside each other. 

During the long time between the Jurassic, when the first known 
birds appeared, and the Late Cretaceous, important evolutionary changes 
took place in this class of animals, though fossils of the interval are 
almost, if not wholly, absent. Cretaceous birds were distinctly more ad¬ 
vanced and modern in appearance than were those of the Jurassic. Thus 
the long, vertebrated tail of the earlier forms had become greatly short¬ 
ened, and the only important primitive characteristic which they retained 
was the possession of teeth. Compared with modern birds, they had 
much smaller brain cavities. 

At least 30 species of Cretaceous birds are known, all of these belong¬ 
ing to two great, though very different, groups (orders), e.g., Ichthyornh 
and Hesperornis. All appear to have been aquatic forms. The Ich- 
thyornis types were powerful fliers as proved by the strongly developed 
keel and wing bones. The teeth were set in distinct sockets. The struc¬ 
ture (biconcave) of their vertebrae was quite distinctly reptilian. They 
averaged about the size of a pigeon (see Fig. 240). 

‘ J. Le Conte: Elements of Geology, 5th ed., pp. 462-463. 
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Hesperornis comprised forms 
incapable of flight, but often of 
great size—5 to 6 feet in length. 
In marked contrast with the Ich- 
thyornis, these forms had power¬ 
fully developed legs which served 
as swimming paddles in these al¬ 
most aquatic forms. In every 
way they were adapted to rapid 
swimming. Their teeth were set 
in grooves instead of sockets. 

Mammals 

A very important event in 
the history of animal life was the 
first appearance of mammals in 
the Early Mesozoic. Mammals 
comprise the highest class of all 
animals. They are characterized 
by suckling their young and having hair on their bodies. For con¬ 
venience of discussion we shall consider them in three categories as 
follows: (i) monotremes or egg-laying forms, such as the modern spiny 
ant-eater; (2) marsupials (e.g., opossum and kangaroo) or those giving 
birth to imperfectly formed young which are carried for some time in 
a pouch (marsupium) by the mother; and (3) placentals (e.g., dog, 
horse, and man) or those giving birth to well-formed young which, in 
a prenatal condition, are attached to the mother by the placentum. 

Throughout the Mesozoic era the mammals occupied a very subor¬ 
dinate position among animals. They seem to have been almost com¬ 
pletely overshadowed by the hordes of reptiles. 

The earliest (Triassic) representatives were small, very primitive 
forms of reptilian mammals, belonging to the low-order monotremes. 
They, like the birds, evolved from certain types of reptiles, various tran¬ 
sitional forms between reptiles and mammals being known from the fossil 
record. The primitive Triassic mammals were not numerous, and only a 
few genera are known to have existed. 

Triassic mammals scarcely suggested their later (Cenozoic) develop¬ 
ment into the manifold, and most powerful and intelligent, creatures of 
the earth. “It is one of the most striking generalizations of paleontology 
that the upwelling of future organic rulers begins in unobtrusive small 



Fic. 240. A Cretaceous toothed bird, 
Ichlhyornis victor. Height, about 9 
inches. (After Marsh.) 
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forms. In all stocks of plants and animals such potential rulers are 
always present” (C. Schuchert). This was distinctly true of the fishes, 
amphibians, reptiles, and mammals. 

Jurassic mammals continued to be represented by comparatively few, 
small, primitive forms, but. in addition to the monotremes, there were 
some archaic or ancestral marsupials. According to the scant records, 
Jurassic mammals were no larger than mice or rats, and all were low 
in body organization. 

Cretaceous time witnessed important advances among the mammals. 
Monotremes were much as in the earlier Mesozoic, but typical mar¬ 
supials, belonging to the opossum family, were introduced. Most im¬ 
portant, however, was the appearance of the oldest known placental 
mammals in the Late Cretaceous. These were represented by some very 
low-order, primitive forms called itisectivores (ant-eaters). Certain sur¬ 
viving relatives of these live in Madagascar. “Somewhere in Late Cre¬ 
taceous time a group of small placental insectivores (tree shrews) took 
to climbing up trees, with momentous consequences, for here they grad¬ 
ually acquired those primary arboreal characters which, as there is much 
evidence to conclude, were deeply stamped into the anatomy and ways 
of life of our own remote ancestors” (\V. K. Gregory). 

Just before the close of the Cretaceous period, certain other forms of 
slightly less primitive, low-order, placental mammals appeared. 

Summary of Mesozoic Life 

“The life of the Mesozoic constitutes a very distinctly marked as¬ 
semblage of types, differing both from their predecessors of the Paleozoic 
and their successors of the Cenozoic. In the course of the era the plants 
and marine invertebrates attained substantially their modern condi¬ 
tion, though the vertebrates remained throughout the era very different 
from later ones. Even in the vertebrates, however, the beginning of the 
newer order of things may be traced” (W. B. Scott). 

As previously stated, it is very doubtful if any species of Paleozoic 
animal is still in existence. With perhaps very slight modification, the 
same is true for species of Mesozoic animals, but a few present-day 
genera probably date back to the Mesozoic. 

Among plants the ferns, cycads, and conifers predominated during 
the earlier Mesozoic, but later in the era the angiosperms, including 
both monocotyledons and dicotyledons, first appeared and very soon pre¬ 
dominated. 

Among animals the absence of certain characteristic Paleozoic groups 
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MESOZOIC LIFE 

should be noted, such as cystoids, blastoids, trilobites, and eurypterids. 
Other Paleozoic groups continued into the Early Mesozoic and then 
either became extinct or very greatly diminished such as the ancient cor¬ 
als (Tetracoralla), brachipods, orthoceras, and amphibians. Some of 
the more important groups which made their first appearance in the Mes¬ 
ozoic era and developed notably were modern echinoids (e.g., sea ur¬ 
chins), modern eucrustaceans (e.g,, lobsters and crabs), highest insects, 
teleost fishes, primitive birds, and small, primitive mammals. Reptiles, 
which began in the very late Paleozoic, developed marvelously during 
the era, thus justifying the application of the term “Age of Reptiles” to 
the Mesozoic. 

As was the case toward the close of the Paleozoic era, so the mighty 
crustal disturbances of mountain-making and general uplift which af¬ 
fected many portions of the earth in Late Mesozoic and Early Cenozoic 
time produced profound changes in the natural environment, which in 
turn caused important changes in the organic world. The rule of the 
mighty enaliosaurs, dinosaurs, and pterosaurs gave way to the reign of 
the more intelligent mammals; angiosperms dominated the plant world; 
belemnites, the marvelous group of ammonoids, and the true toothed 
birds disappeared; the highest types of insects appeared, and teleosts 

prevailed among the fishes. 

The tabular summary on the preceding page brings together in con¬ 
cise form the salient facts regarding the life of the Mesozoic. In regu¬ 
lar order, the principal successive changes in the sub-kingdoms and 
classes of plants and animals are graphically represented. 



THE CENOZOIC ERA 


CHAPTER XXIII 


ROCKS AND PHYSICAL HISTORY OF THE CENOZOIC 
(EXCLUDING PLEISTOCENE GLACIATION) 


Introduction 

The Cenozoic era not only is the last one of geologic time, but also 
it is the shortest, with an estimated duration of about 70 million years. 
During this short era the relief features of the earth have been revolu¬ 
tionized and brought to their present-day condition. It is doubtful if a 
single landscape feature of today was in existence as such prior to the 
opening of the era. Thus the face of North America has been com¬ 
pletely made over in Cenozoic time. All mountains, hills, valleys, can¬ 
yons, plateaus, and plains have assumed their present-day sizes and 
shapes; all existing lakes, shorelines, and waterfalls have been formed; 
the modern climatic zones have developed; and plants and animals (par¬ 
ticularly mammals) have evolved to their modern condition. 

Following are the subdivisions of the Cenozoic era now commonly 
recognized throughout the world: 



Quaternary j 

r2 


period 1 

Li 

• 

CENOZOIC 


5 

ERA ^ 

Tertiary 

4 


period ^ 

3 

2 

I. 


V 


Recent (post-Glacial) epoch 
Pleistocene (Glacial) epoch 
Pliocene epoch 
Miocene epoch 
Oligocene epoch 
Eocene epoch 
Paleocene epoch 


The name “Tertiary” has entirely lost its original significance, but 
has, nevertheless, become thoroughly fixed in the literature of geology. 
In the early days of the science, the whole known geological column 
was divided into three groups of rocks, and later into four groups, 
namely: Primary. Secondary, Tertiary, and Quaternary. After the 
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discovery of rocks still older than these, the term Primary was replaced 
by Paleozoic; Secondary by Mesozoic; while Tertiary and Quaternary 
have been retained as subdivisions of the Cenozoic. 

Sir Charles Lyell first divided the Tertiary into Eocene, Miocene, 
and Pliocene on the basis of percentage of living species represented in 
each series, there being very few in the earliest and a very large percent¬ 
age in the latest series. Later the Oligocene was added by combining 
some of the uppermost Eocene with some of the lowermost Miocene. 
The still later term “Paleocene” is used by some geologists to represent a 
separate epoch of the Cenozoic, and by others to indicate the earliest 
part of the Eocene epoch. The former usage is preferred in this book. 

The terms “Paleocene,’’ “Eocene,” “Oligocene,” “Miocene,” “Plio¬ 
cene,” and “Pleistocene,” derived from the Greek language, literally 
indicate more and more recent epochs of the Cenozoic (“Recent life ) 

era. 

Because the terms “Tertiary” and “Quaternary” no longer have 
their original meanings, there have been some recent tendencies to do 
away with them entirely. Thus one author regards Eocene (or Paleo- 
cene) to Recent, inclusive, as “epochs” of the Cenozoic “Period,” and 
another calls them “periods” of the Cenozoic “era,” but such usages 
are confusing. It is much more satisfactory and less confusing to use 
“Tertiary” and “Quaternary” as “periods” of the Cenozoic “era” both 
because this is the common usage in the literature of geology, and be¬ 
cause by far most writers of geological articles and books now so employ 

the terms. 

General Distribution of the Rocks 

Tertiary strata appear at the surface in North America over the 
areas indicated on the accompanying map (Fig. 241). The important 
regions are the Atlantic and Gulf Coastal Plains, Yucatan, the West 
Indies, the Great Plains, and the great western (Cordilleran) region. 

In the western interior of the continent, the numerous disconnected 
areas represent chiefly deposition in separate basins where the sediments 
are all of non-marine origin. Tertiary strata are especially widely ex¬ 
posed in a great area in the Great Plains not only because the extensive 
deposits have there been little disturbed from their original nearly hori¬ 
zontal position, but also because there has been relatively little younger 
material to cover them. 

On the Pacific Coast, Tertiary strata appear mostly as comparatively 
small, narrow belts because only the eroded edges of the usually up- 
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turned and folded rocks are visible in the mountains. These sedimen¬ 
tary rocks are largely of marine origin, but there are also important 
non-marine formations. The Tertiary system of the Pacific Coast is 
remarkably thick and complete, and it constitutes one of the world’s 
finest and best-known exhibitions of rocks of this age. 



Fic. 241. Map showing the surface distribution (area of outcrops) of Tertiary 
strata in North America. Tertiary volcanic rocks are separately shown on 
another map (Fig. 250). 


The Tertiary strata of the Atlantic and Gulf Coastal Plains are 
mainly marine, but with important interbedded non-marine formations. 
Their areas of outcrops in the Gulf Coastal Plain are so large because 
the extensive strata are nearly horizontal and not much covered with the 
only possible younger (Quaternary) material. 

Quaternary sediments comprising non-marine surface and near- 
surface deposits, and showing little or no consolidation, are widely scat- 

\ 
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tered over large parts of the continent. They include lake, stream, 
glacial, and wind-blown materials. The only marine-deposits occur in 
places near the coasts. 

Cenozoic volcanic rocks (largely Tertiary) cover vast areas of west¬ 
ern North America (Fig. 250). Some small Tertiary intrusives also 
occur there. 


Representative Divisions of the Cenozoic Rocks 

Table 14 shows the major divisions and formational subdivisions in 
five important parts of the United States. 
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Description of the Rocks 

Atlantic and Gulf Coastal Plains. General Statement. The 
Tertiary rocks of these regions are all of sedimentary origin. They are 
most widely exposed in the Gulf Coastal Plain (Fig. 241). The Ter- 
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tiary formations of the Atlantic Coastal Plain consist very largely of 
unconsolidated sands, gravels, clays, and marls. They are nearly all 
of marine origin, and generally fossiliferous. Their maximum exposed 
thickness is probably not more than looo feet. However, seaward and 
under ct>ver of later formations, as along the coast of North Carolina, 
deejvwell records show much greater thicknesses for the Tertiary. 

In the Gulf Coastal Plain both marine and non-marine deposits 
occur, with the former predominant. They are mainly sands or sand¬ 
stones. clays or shales, marls or limestones, and some thick beds of lig- 



Fic. 242- Eocene sandstone restinc by sharp contact upon Upper Cretaceous white 
chalk in Alabama t.After L \V Stephenson. U. S. Geological Survey.) 


nite. The exposed strata of the Gulf Coastal Plain commonly reach 
a thickness of several thousand feet, but they are much thicker beneath 
the surface of the plain. Thus in the southern part of the Gulf Coastal 
Plain, deep-well records and geophysical tests indicate a thickness of 
fully 20,000 feet for the concealed Tertiary. The significance of this 
fact is explained beyond under the caption “Gulf Coast Geosyncline.” 

Unconsolidated Quaternary deposits, consisting of both marine and 
non-marine sediments, conceal the Tertiary strata of the Coastal Plains 
in various places, especially near the coasts. 

Paleocene and Eocene. Formations of Eocene age are excellently 
developed and widely exposed in the Coastal Plains from South Carolina 
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to the southern tip of Texas and beyond. They are mainly marine 
sands, clays, and marls usually more or less consolidated. They range 
in thickness commonly from a few hundred to more than looo feet. 
Mention may be made of the largely non-marine, especially extensive 
Wilcox group of sands and clays with thick beds of lignite. The marine 
Claiborne and Jackson are also widely exposed. Eocene formations only 
a few hundred feet thick are well exposed in a much smaller area from 

southern New Jersey into eastern Virginia. 

Oligocene. Strata of this age, consisting of marine limestones and 



Fig. 243. Upper Eocene clay beds in Twiggs County, Georgia. (After L. W. 

Stephenson, for GeoloKical Survey of Georfii^*) 


clays several hundred feet thick are well represented from South Carolina 
westward through the Gulf Coastal Plain to Texas, but areas of outcrops 

are much restricted. 

Miocene. Miocene formations, largely marine sands, clays, and 
marls, are well exposed through the Atlantic Coastal Plain from central 
Florida to New Jersey, reaching a thickness of about 500 feet. In the 
Gulf Coastal Plain, Miocene formations, both marine and non-marine, 
are well developed and widespread. They are mainly sands (or sand¬ 
stones) and clays reaching a maximum thickness of several thousand 
feet. Special mention may be made of the Catahoula sandstone which 
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is exposed in a prominent belt from southwestern Alabama through 
southern Texas. 

Pliocene. Pliocene formations, consisting mainly of marine sands, 
gravels, clays, and marls, including Late Pliocene marine terrace deposits, 
occur in the seaward border of the Atlantic Coastal Plain where they 
are only a few hundred feet thick. Pliocene is represented across the 
southern Gulf Coastal Plain by marine sands and clays. A non-marine 
Upper Pliocene formation {Citronelle), mainly sand a few hundred 
feet thick, forms a wide belt completely across the southern part of the 
Gulf Coastal Plain. The concealed Pliocene thickens rapidly to thou¬ 
sands of feet under southern Louisiana. 

Quaternary. Unconsolidated sediments of this age, including non¬ 
marine, marine, and beach materials, conceal the Tertiary strata in a 
wide belt facing the sea from eastern Long Island to the southern tip of 
Florida, and facing the Gulf of Mexico from Florida through Texas. 
These materials are often in the form of marine terraces. 

Cenozoic of Florida. The Cenozoic formations underlying all or 
nearly all of Florida deserve special mention. Various outcropping for¬ 
mations there range in age from Late Eocene to Quaternary inclusive. 
The rocks are limestones and marls together with some Late Cenozoic 
clastic sediments. A large area of Lower Pliocene shell marl is exposed 
in southern Florida. Early Quaternary marine limestones are widely 
exposed on all seaward sides of the state. The fact that these are all 
shallow-water marine deposits, reaching a thickness of fully a mile, 
proves that Florida was a sea-covered, slowly sinking region through¬ 
out nearly all of Cenozoic time. 

Structure of the Rocks, The strata of both the Atlantic and Gulf 
Coastal Plains are almost entirely free from true folds, but some broad 
warps do occur. Most noteworthy is the previously mentioned down- 
warp or trough filled with a great thickness of sediment under southern 
Louisiana. 

Faults of any consequence are almost entirely lacking in the Atlantic 
Coastal Plain, but a good many occur in the Gulf Coastal Plain. Most 
important is the Balcones fault zone in a general way marking the bound¬ 
ary between the Cretaceous and the Cenozoic strata of Texas where the 
Cenozoic portion of the Coastal Plain has been downfaulted as much as 
looo feet against the Cretaceous portion of Texas since Cretaceous time. 

The Cenozoic formations of both Coastal Plains dip gently toward 
the tide water and thus successively older formations are encountered 
in passing inland from the shoreline. 
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Western Interior-Great Plains. General Statement. This vast 
region includes the Great Plains, the Rocky Mountains, the Colorado 
Plateau, the Basin and Range Province, and the Columbia Plateau 
(see Fig. 27). Cenozoic rocks are wonderfully exposed in small and 
large areas in many places throughout this great region (Figs. 241 and 
250). They comprise various kinds of materials such as lake, river, 
alluvial-fan, and wind-blown sediments, and great accumulations of vol¬ 
canic rocks—both lava and tuffs, but there are no marine strata. Beds 
of imperfect (lignitic) coal also occur in various places. The following 
very brief descriptions of some of the best known formations will serve 

to give a fair idea of the nature of these rocks. 

Paleocene and Eocene. Among these deposits, the oldest (Paleo- 
cene) is represented by the Fort Union formation consisting mainly of 
soft sandstones and shales (or clays), often with beds of lignitic coal. 
Its thickness ranges from less than 1000 feet to more than a mile. It 
is very widespread in the Great Plains of the northern United States and 

southern Canada. 

The Wasatch formation of variegated clays, shales, sandstones, con- 

Fic 244. Eocene (Wasatch) strata in Bryce Canyon, Utah. The vertically jointed, 
horizontal beds, 8500 feet above sea level, have been remarkably sculptured by 
weathering and erosion. The rocks are soft shales, limestones, and sandstones, 
beautifully colored. (Photo furnished by Union Pacific Railroad.) 
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glomerates, and fresh-water limestones, with some coal beds, all of 
continental origin, is several thousand feet in thickness. It forms the 
so-called Pink Cliffs,’ and the beautifully colored and intricately eroded 
strata in Bryce Canyon (Fig. 244). It is extensively exposed in large 
and small areas in Wyoming. Colorado, and eastern Utah, and less so 
in northeastern Arizona and northwestern New Mexico. 

The Green River formation is a fresh-water lake deposit composed 
largely of evenly stratified soft shales (Fig. 245) as much as 2000 feet 
thick. Many fossils, including fishes, insects, and plants occur in it. 



Green River formation of Eocene age as seen near Green River 
City, Wyominp;. The well-bedded, nearly hori2ontaI shales were laid down in 
a great fresh-water lake. (Photo by courtesy of the Union Pacific Railroad.) 


Next younger is the Bridger formation consisting of hundreds of feet 
in thickness of beds of volcanic dust and soft shales. The materials 
were deposited extensively, partly on land and partly in lakes, both 
north and south of the Uinta Mountains. 

The Wasatch, Green River, and Bridger formations were laid down 
in structural basins which developed during the Rocky Mountain Revo¬ 
lution. This is particularly true of the intermontane basins in the mid¬ 
dle Rockies where all three formations may be seen one above another 
and but little disturbed from their original position. 
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Youngest of the Eocene are the Uinta soft shales, sandstones, etc., 
chiefly of terrestrial (stream-deposit) origin and reaching a thickness of 
fully 1500 feet also both north and south of the Uinta Mountains. 

An example of the great Eocene volcanic deposits is the San Juan 
formation, consisting of tuffs piled up to a thickness of 3000 ^eet in 
southwestern Colorado. It is the lower part of a pile of Tertiary vol- 
canics there 6000 to "jooo feet thick. It is an interesting fact that the 
San Juan tuff rests upon an Early Eocene {Telluride) conglomerate of 

glacial origin (Fig. 269). 

Oligocene. Oligocene strata, well represented by the White River 
group of moderate thickness, occupies extensive areas in Wyoming, 
western South Dakota, western Nebraska, and eastern Colorado. It 
comprises clays and soft sandstones, with some volcanic ash beds. Typi¬ 
cal “Badlands” topography has often been developed in this formation 

(Fig. 246). 

The John Day formation of north-central Oregon is composed largely 
of volcanic ash beds, with some shale and lava beds—several thousand 
feet thick (Fig. 279). It is of Oligocene—Early Miocene age. Many 
fossil plants and mammals have been obtained from it. 


Fig 246. Oligocene strata of the Upper White River group (Brule formation) con¬ 
sisting of only moderately consolidated clastic materials of continental origin. 
Big Badlands, South Dakota. (After N. H. Darton, U. S. Geological Survey.) 
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Miocene and Pliocene. The Miocene, far less thick than the Eocene, 
is represented toward the base by the .Arikaree group of mainly soft sand¬ 
stones, extending widely from southern South Dakota into western 
Texas; toward the middle by the Florissant beds which consist of lami¬ 
nated shales formed by deposition of fine volcanic dust in a small lake 
in Colorado, and remarkable for the great number of insect and plant 
remains in it, and the Loup Fork beds which form thin deposits of fine 
sands and marls (both subaerial and lacustrine) over extensive areas 



Fic. 247. Beds of Tertiary, non-marine, soft shales (or clays) in Furnace Creek 
Canyon, overlooking Death Valley, California. The upturned strata have been 
intricately eroded, giving rise to a “Badlands” effect. The prevailing colors are 
yellow and red. (Photo by Willard.) 

from South Dakota to Mexico; and at the top by the Santa Fe forma¬ 
tion of continental origin in the southern Rockies. 

Pliocene deposits formed in many parts of the western interior. 
They are of continental origin, probably with some lake beds. Thus 
the Ogallala group of strata extends through much of Kansas, western 
Nebraska, and western Texas. Miocene and Pliocene deposits comprise 
most of the extensively exposed Cenozoic in the central and southern 
Great Plains of the United States (Fig. 241). 

Upper Tertiary tuffs and lavas, often interbedded with ordinary 
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Fio 249. Soft volcanic tuff and shaly sandstone of Late Tertiary age in Red Rock 
Canyt'n north of Mojave, California. The cliff, about 200 feet high, is remark 
ably sculptured by rain-wa.sh. 
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sediments, occur in many parts of the western interior. The Late Mio¬ 
cene and Early Pliocene Barstow formation of the Mohave Desert in 
California is a good example. From this formation many well-preserved 
remains of land animals have been unearthed. 

In addition to the Tertiary beds in the western interior (above de- 



Fic. 250. Map showing the surface distribution (areas of outcrops) of Cenozoic 
volcanic rocks in North America. (Principal data from the U. S. Geological 
Survey.) 


scribed), there are also many small to large deposits, especially of Mio¬ 
cene and Pliocene ages, in that part of the United States lying between 
the Rocky Mountains and the Sierra Nevada-Cascade Mountains. They 
represent all types of continental deposits. 

Quaternary. Sediments of this age are very common throughout 
the western interior-Great Plains region. They include stream, lake, 
wind-blown, glacial, and alluvial-fan materials. In the Basin and Range 
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Province, where they are especially important, they have usually been 
laid down in basins between the mountains. The Quaternary sediments 
are seldom more than slightly consolidated, and they are far thinner 
than the Tertiary strata, but thicknesses of 500 to 1000 feet are not 
uncommon. 

Igneous Rocks. In the above descriptions, attention has been largely 
given to a consideration of the sedimentary rocks of the western interior- 
Great Plains, with some mention of tuffs and lavas, but igneous rocks 



Fig. 251. Gently tilled Tertiary lake beds about 10 miles southeast of Unity. 
Oregon. They are slightly consolidated sands, gravels, and clays, with a bed 
of white diatomite near the bottom, and a bed of volcanic ash near the middle. 


of Cenozoic age are also of very great extent and importance in the 
western interior region (Fig. 250). Most extensive by far are the 
Tertiary volcanic rocks, but small bodies of intrusive rocks such as 
batholiths, laccoliths, and dikes also are known. Some Quaternary vol¬ 
canic rocks occur here and there. The Cenozoic igneous activity of the 
region is discussed beyond. 

Structure oj the Rocks. The structure of the Cenozoic strata of 
the Great Plains is simple. There is very little folding or faulting, and 
the various formations nearly everywhere show a gentle eastward dip. 

In the Rocky Mountains, the Cenozoic rocks, particularly the older 
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formations, have often been disturbed by faulting and some tilting, but 
in many areas (often extensive) they still lie in their nearly original hori¬ 
zontal positions. 

Between the Rocky Mountains and the Sierra-Cascade Ranges, 
Cenozoic rocks—both sedimentary and volcanic—have often been locally 
disturbed by some folding, as in the Columbian Plateau (Fig. 280); or 
by tilting (Fig. 251); or often by faulting, as in the Basin and Range 
Province. 


Pacific Coast. Paleocene. Sedimentary rocks of this age on the 
Pacific Coast are represented by the extensive, marine Martinez sand¬ 
stone and shale. 

Eocene. Eocene strata are prominently developed in western Cali¬ 
fornia, Oregon, and Washington, Lower California, and in Alaska. They 
are mainly of marine and brackish-water origin, reaching thicknesses 
of 8000 to 12,000 feet. They are chiefly sandstones, conglomerates, and 
shales, but with locally developed lavas, tuffs, impure limestones, and 



Fig. 252. Part of a syncline showing earlier Tertiary marine strata. Prominently 
outcropping beds toward the lower and right sides of the syncline are Upper 
Eocene: the boldly outcropping beds (lighter colored) next above are Oligocene, 
and at the top there is some Miocene. San Emigdio Canyon, south of Bakers¬ 
field, California. (After R. Anderson, U. S. Geological Survey.) 
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diatomaceous shales. Some Eocene beds of the Pacific Coast are of 
freshwater origin with beds of lignitic coal. 

Probably the finest development of marine Eocene strata in North 
America is in the coastal mountains of California between the Los Ange¬ 
les and San Francisco Bay regions. Various formations (Table 14) 
there constitute a practically complete Eocene section. All of these 
formations are more or less fossiliferous. In the Ventura region of 
southern California the Eocene is 12,000 feet thick. Figure 253 shows 
extensively upturned strata of this age. 

Oltgocene. Strata of this age are much less widely distributed than 



Fig. 253. Strongly upturned marine Eocene strata thousands of feet thick. Simi 
Valley in Southern California. (Photo by F. B. Tolman and U. S. Grant, IV.) 


the Eocene. The deposits are mostly sandstones and shales in western 
Oregon and Washington, and in middle-western California (Lincoln for¬ 
mation). In southwestern California the Sespe formation is a non- 
marine, red sandstone 4000 to 6000 feet thick. Recent studies have 
shown that the Sespe ranges in age from Late Eocene through Oligocene. 

Miocene. Marine strata of this age are about as prominently de¬ 
veloped on the Pacific Coast as the Eocene, the beds being very largely 
sandstones, conglomerates, and shales, and with the same general distri¬ 
bution. Four important formations in southern California are the Va- 
queros, Rincon, Modelo, and Santa Margarita. The Modelo is notable 
for its diatomite beds. Miocene strata in California reach thicknesses of 
15,000 to 20,000 feet, the Modelo alone being about 7000 feet thick in 
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western Los Angeles. Eocene and Miocene strata underlie most of the 
Great Valley of California as proved by well records. Various Miocene 
beds in southern California are rich in oil. Miocene strata are also well 
developed on the Pacific border of Alaska. 

Pliocene. Pliocene marine strata are less extensively developed on 
the Pacific Coast than the Miocene, the principal areas being in the Cali¬ 
fornia Coast Ranges, the southern part of the Great V’^alley, the south¬ 
western border of the state, the Salton Basin, and southern Lower 
California. The marine Pliocene reaches thicknesses of 4000 to 5000 
feet near San Francisco, and more than 10,000 feet in the Los Angeles- 



Fic. 254. Well-bedded, yellowbh white, faulted and gently tilted, Upper Miocene 
(Modelo) shales. Coast Highway at Malibu Park, southern California. 


Ventura region. In California the marine Pliocene is well represented 
in stratigraphic succession by several formations listed in Table 14* 
These consist very largely of sandstones, conglomerates, and shales. In 
the Los Angeles region the Lower and Upper Pliocene are known as the 
Repetto and Pico formations. Great quantities of oil are obtained from 
the southern California Pliocene. 

Pliocene non-marine sediments occur in many parts of the Pacific 
Coast. 

Quaternary. Sediments of this age are also found in many parts of 
the Pacific Coast of the United States mainly in the form of marine and 
non-marine terrace, beach, and continental deposits, but there are also 
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some regular marine formations of considerable thickness. The last 
named are well known in the Los Angeles-Ventura region of southern 
California. Important among these formations is the Saugus which 
is partly marine and partly non-marine. The total thickness of these 
formations is usually from a few hundred to a few thousand feet. The 
formations are mainly sands, clays, and gravels, in part moderately 
consolidated. 



Fig. 255. Soft white diatomite of Miocene age in Santa Barbara County, Cali¬ 
fornia. (After Arnold, U. S. Geological Survey, Bui. 322.) 


Quaternary continental deposits of stream, lake, and alluvial-fan 
origin are more widespread than the marine deposits. These generally 
unconsolidated materials usually occupy valleys between the mountains 
and ridges, as for example on a grand scale in the Great V’alley of Califor¬ 
nia where a good example is the fresh-water Tulare formation. Not 
uncommonly their thickness ranges from 500 to 1000 feet or more. In 
many places their accumulation is still in progress. 

Igneous Rocks. Cenozoic volcanic and dike rocks are found in most 
parts of the Pacific Coast. Probably every epoch of the Cenozoic is 
represented by them. Particularly -igiportant are the great Miocene 
and Pliocene volcanic formations of the Cascade and northern Sierra 
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Nevada Ranges; the Eocene lavas of western Washington; the Miocene 
volcanics of southwestern British Columbia; the Miocene and Pliocene 
lavas in the coastal mountains of California; and the as yet undivided 
Tertiary volcanics of southern Alaska and Lower California. 

Pleistocene, and even Recent, volcanics occur in the Cascade and 
Sierra Nevada Ranges; in Lower California; and in southern Alaska. 
They are, however, far less common than those of Tertiary age. 



Fic. 256. A detail view of faulted Pliocene (Pico) strata. The dark beds are rich 
in oxidized petroleum. Five miles northwest of San Fernando. California. 


In later discussions of the Cenozoic history of various parts of the 
Pacific Coast, the volcanic activity is dealt with more fully. 

Structure of the Rocks. In the Coast Range Mountains of Califor¬ 
nia, Oregon, and Washington, the Tertiary rocks are generally more or 
less strongly folded and cut by many faults both large and small (Figs. 
292, 293). The most important structure is the great San Andreas 
fault which extends through nearly the whole length of the California 
Coast Ranges and continues southward to the Gulf of California. Both 
normal and high-angle thrust faults are common. The Tertiary strata 
underlying most of the Great Valley of California are usually only mod¬ 
erately folded (Fig. 294). 
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Fic. 257. Nearly horizontal beds of non-raarine. red sandstone of Late Tertiary 

ape. Painted Canyon, east of Mecca, California. 

The earlier Quaternary deposits are often in a highly disturbed con¬ 
dition, but the later ones are seldom very notably deformed except by 
some Recent fault movements. 

General Relatons of Sea and Land 

In the interest of more clearly presenting an outline of our unusually 
detailed knowledge of the complicated physical history (excluding the 
Ice Age) of North America during the present (Cenozoic) era, we shall 
depart somewhat from our usual method of presentation by considering 
first the general relations of sea and land, and then the Cenozoic history 
of each important physical province of the continent, first in the east and 
then in the west. 

The general relations of sea and land during Tertiary time are 
graphically shown by the accompanying paleogeographic maps (Figs. 
258-261). During Paleozoic time epeiric seas spread over, and disap¬ 
peared from, extensive parts of North America many times. Such seas 
were far less common in the Mesozoic era, the most important having 
been the great western sea which cut the continent in two in Late Creta¬ 
ceous time. During the Tertiary period none of the still more re¬ 
stricted epeiric seas ever cut across the continent, or even extended very 
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far into it. A possible exception to this statement is the occurrence, in 
the western Dakotas, of some shales containing shells of marine and 
brackish water animals. These fossils are usually considered to repre¬ 
sent very Early Tertiary time, as part of the Fort Union group. In the 



Fig. 258. Generalized paleogeographic map showing sea and land relations in 
North America during Eocene time. White areas, land; ruled areas, sea. 


writer’s opinion these shells were deposited in a last, lingering remnant 
of the great western Late Cretaceous sea. 

In Paleocene and Eocene times (Fig. 258) much of the Gulf Coastal 
Plain, all of Florida, the West Indies, and a considerable part of the 
Atlantic Coastal Plain were under the sea most of the time. In the 
west much of the western one-half of California; western Oregon and 
Washington; and more than one-half of Lower California were sea- 
covered much of the time. 
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Oligocene time was marked by notably restricted seas which covered 
much of the eastern, and part of the western, Gulf Coastal Plain; Flor¬ 
ida; the West Indies; and several relatively small embayments on the 
Pacific Coast, as shown by Figure 259. 



Fio. 259. Generalized paleopeopraphic map showing; sea and land relations in 
North America during Oligocene time. White areas, land; ruled areas, sea. 


During the Miocene epoch, the marginal seas continued to be re¬ 
stricted. In the Late Miocene, the sea covered Florida, the West Indies, 
Yucatan, and considerable parts of the Atlantic and Gulf Coastal Plains 
in the east. On the Pacific Coast, the sea covered southern Lower Cali¬ 
fornia, much of western California, the western fringes of Oregon and 
Washington, and southern .Alaska (Fig. 260). 

The Pliocene marginal seas, were very restricted with submergence 
only of small parts of the Atlantic, Gulf, and Pacific Coasts as shown 
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by Figure 261. Early in the Pliocene, the Gulf of California extended 
farther north than today, and there seems to have been a seaway con¬ 
necting the Arctic and Atlantic Oceans across the Arctic Islands region. 
Early in the Quaternary period, the marginal seas were of very 



Fic. 260. Generalized paleogeographic map showing the relations of sea and land in 
North America during later Miocene time. White areas, land; ruled areas, sea. 


slight extent—much less even than in the Pliocene. During most of the 
period, North America seems to have been both broader and generally 
higher, relative to sea level, than it is today, with land extending out over 
the continental shelf areas. The remarkable submarine canyons now 
occurring on both sides of the continent are difficult to explain satisfac¬ 
torily. They were probably cut by Quaternary rivers on the margins 
of the then higher and more extensive continent. At the same time the 
level of the sea no doubt stood much lower than now because so much 
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water from the sea was transferred to the lands in the form of the great 
ice sheets which covered many millions of square miles of land. 

In Late Quaternary time, possibly because of the great weight of 
the glaciers, the continent became notably depressed. The continental 



Fic. 261. Generalized paleogeographic map showing the relations of sea and land 
in North America during Pliocene time. White areas, land; ruled areas, sea. 


shelf areas, with their newly cut canyons, became submerged, and sea 
water also spread over parts of the continent much more extensively than 
at any other time during the Cenozoic era. Hudson Bay was then 
formed; much of the Arctic Islands region was submerged; the Gulf of 
St. Lawrence was formed; the coasts of southern Alaska, British Colum¬ 
bia, and southern California were then partly submerged, in each case 
leaving off-shore islands, many of which have existed to the present time. 
San Francisco Bay and Puget Sound were then formed by subsidence. 
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During still later (Recent) time, much of North America, especially 
its northeastern one-quarter, has been partially and unequally re- 
elevated, but it is still far below its earlier Quaternary general height. 

Regional History 

Atlantic and Gulf Coastal Plains. At the opening of the Ter¬ 
tiary period, Cretaceous deposits generally covered much of these two 
areas. An unconformity between the very Early Tertiary and Late Cre¬ 
taceous shows that, after considerable erosion of Late Cretaceous strata, 
the sea swept over much of the Gulf Coastal Plain area. The main gen¬ 
eral relations of sea and land in the Atlantic and Gulf Coastal Plain 
areas, during Tertiary time, have already been described and need not 
be repeated. In this connection, Figures 258, 259, 260, and 261 should 
be referred to, but the history is much more complicated than these 
maps seem to indicate. Various advances and retreats of the sea, over 
small and large parts of the two areas, varied in time and place as 
proved not only by unconformities, but also by interspersed, widespread, 
non-marine deposits. Excellent examples of extensive non-marine for¬ 
mations are the Eocene Wilcox, and the Pliocene Cttronelle. A net 
result of all Tertiary changes was the exclusion of the sea very largely 
from the two coastal plain areas. 

During Quaternary time, a series of unconsolidated sediments 
(mainly marine) were deposited on the outer (seaward) border portions 
of the Atlantic and Gulf CoasUl Plains. Some of these are represented 
topographically by more or less distinct terraces, several of which are 
in series one above another, indicating shifting of level between land and 
sea. A net result of these changes has been the establishment of the 
present-day shoreline, including emergence of a large part of Florida. 

Gulf Coast Geosyncline. Where the Tertiary strata of the 
middle Gulf Coastal Plain dip southward under Quaternary deposits and 
the waters of the Gulf, they become surprisingly thick—at least 20,000 
feet. These are underlain by about 10,000 feet of Cretaceous strata, 
and overlain by considerable Quaternary sediment. The total thickness 
of these deposits is, therefore, more than 30,000 feet. This has been 
proved by the study of deep-well records plus geophysical tests. These 
sediments accumulated in a geosynclinal basin with an east-west axis, 
and several hundred miles in length. The axis crosses the southern 
border of Louisiana, and extends some distance both east and west o 
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that state. It is evident from the nature of the sediments, and the 
fossils contained in them, that they are of shallow-water origin. There¬ 
fore rapid contemporaneous subsidence and deposition have taken place 
from Early Cretaceous time to the present. It is believed that much of 
this great pile of sediments represents delta material deposited by the 
Mississippi River. Evidently we are here dealing with a geosynclinal 
basin still in the making. 

Eastern Highland Region. Mention has already been made of 
the facts that an old-age or peneplain surface, extending through the 
eastern highland region from central Alabama to the Gulf of St. Law¬ 
rence, was mantled largely with alluvial deposits, but possibly with 
Late Cretaceous strata over its middle part; that the region was up- 
warped at the close of the Cretaceous; that many streams flowed down 
flanks or slopes of the great elongate upwarp, first cutting their way 
through the mantle of alluvium (or marine sediments) and then into 
the underlying rocks, during earlier Tertiary time, thus causing them 
to become superimposed streams. 

By about Late Tertiary time, the eastern highland region was once 
more reduced to an old-age or peneplain surface known as the Schooley 
peneplain (Fig. 264, No. i). 

Toward the close of Tertiary time, this old erosion surface was up- 
warped unevenly in amounts usually ranging from a few hundred to 
several thousand feet. The crest of this long, wide arch followed the 
trend of the present-day eastern highland region. This rejuvenation 
was an event of prime importance because it was the first step in the 
development of most of the existing relief features of the whole eastern 
highland region, these features having been produced largely by stream 
dissection of that upraised surface. All the valleys, great and small, such 
as the Champlain, Connecticut, Mohawk, Hudson Valleys, and the 
numerous valleys in the Appalachian region, have been produced since 
the uplift of the worn-down Late Tertiary surface. Many remnants 
of the peneplain surface still remain. Nos. 4 and 5 of Figure 264 show 
the effects of minor renewed uplifts and erosion during Quaternary time. 
In the southern Appalachians (e.g., the Great Smoky Mountains), north¬ 
ern New England, and the Adirondack Mountains of New York, large 
parts of the regions were not reduced to a stage beyond that of early old 
age or late maturity. Part of the reason for this is that these regions 
were only partially base-leveled before the Late Tertiary uplift. The 




Fic. 262. A typical view in the Great Smoky Mountains, North Carolina, showing 
the Cold Mountain area. Many peaks in the Great Smokies reach altitudes of 
5000 to 6684 feel. These mountains, consisting of igneous and mctamorphic 
rocks, arc in a mature stage of erosion, but, unlike the Ridge-\’alley province 
on their west, they show no general parallelism of ridges and valleys. (Photo 
by courtesy of U. S. Forest Service.) 


more resistant rocks of these regions, then forming both monadnocks and 
larger masses, still stand out conspicuously above the re-elevated old 
erosion surface (Fig. 106). 

The Late Tertiary uplift of the peneplain revived the power of the 
formerly sluggish streams so that they again became very active agents 
of erosion. Certain of the important streams such as the Susquehanna, 
Potomac, Delaware, and Hudson, which became superimposed during 
Early Tertiary time, continued as such during the later Tertiary uplift 
and to the present time. Thus the Susquehanna cuts across a whole 
succession of ridges in the Appalachian Ridge—Valley Province' while, 
in accordance with the same explanation, the Delaware cuts through 
the Kittatinny ridge at the famous Delaware Water Gap. The lower 
Hudson pursues a course no less out of harmony with the country through 


‘The Blue Ridge-Great Smoky and Piedmont Plateau Provinces arc often re¬ 
ferred to as the Older Appalachians, and the Ridge-Valley Province as the Newer 
.'\ppalachians, because the former consist of older rocks with a longer history as a 
land mass. 
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which it passes. It flows at a considerable angle across the folded 
structures above the Highlands, after which it passes through a deep 
gorge which it has cut through the hard granites and other rocks of the 
Highlands. 

While the superimposed streams were cutting deep trenches across 
hard and soft rock alike, numerous side streams or tributaries came into 



Fig. 264. Block diagrams extending northwest-southeast across the Appalachian 
region through Pennsylvania illustrating the later Cenozoic history. 

1. Late Tertiary. The Schooley peneplain developed by Tertiary, and 
probably still older erosion. Note the meandering streams flowing both north¬ 
west and southeast. 

2. About end of Tertiary. Schooley peneplain rejuvenated by arching, and 
stream meanders entrenched. 

3. Early Quaternary. The Schooley peneplain deeply dissected by erosion. 
Note the bold ridges of resistant rocks, and the base-leveled valley floors 
(Harrisburg surface) on belts of weak rocks. 

4. Middle Quaternary. After renewed minor uplift, the Harrisburg erosional 
surface has been partially base-leveled to the Somerville surface which is well- 

shown near the middle of the diagram. 

5. Another minor uplift and entrenching of meandering streams on the 

Somerville surface. 

All geologic dates are suggested by the author. (After D. W. Johnson from 
his Stream Sculpture on the Atlantic Coast, by permission of Columbia Uni¬ 
versity Press.) 
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existence and naturally developed along the belts of weak rock and in 
harmony with the geologic structures. This principle is especially well 
illustrated by all of the streams now occupying the valleys between the 
Appalachian ridges. At the same time the ridges developed along the 
belts of hard rock, their summits representing portions of the old 
(Schooley) peneplain surface (Fig. 264). These ridges all rise to the 
same general level for miles around, and as viewed from the summit of 
any one of them, the concordant altitudes give rise to what is called the 
“even sky-line,” which is a most striking feature of the landscape. 
In northern New York and southern New England (Fig. 265) remnants 
of the upraised Schooley peneplain surface are also distinctly shown, but 
the “ridge and valley” topography was not so conspicuously developed 
there because of the less favorable nature and structure of the rocks 
(largely igneous and metamorphic). Remnants of the uplifted pene¬ 
plain surface are also well preserved in the Appalachian Plateau, but, 



Fig. 265. Sketch showing part of the New England uplifted Late Tertiary 
peneplain at an altitude of about 1400 feet. Two monadnocks rise above the 
surface, and the Deerfield River has deeply trenched it. (Drawn by A. K. 
Lobeck.) 

because the strata are there nearly horizontal, lack of structural control 
has there given rise to an irregular (often “dendritic”) drainage pattern. 

Most of the Piedmont Plateau lies 500 to 1500 feet above sea level. 
It shows an old-age erosional surface, often with a rather even skyline, 
but with many well-defined, rounded monadnocks some of which are 
hundreds of feet high. It was not as thoroughly base-leveled as the 
Ridge-Valley Province because of the somewhat greater rock resistance. 
This surface is believed to be of Late Tertiary age, and since then 
upraised, down-tilted toward the southeast, and considerably dissected 
by streams the larger of which flow down the slope from the Appalach¬ 
ians. According to W. A. White the bold escarpment separating the 
Blue Ridge-Great Smoky Province from the lower Piedmont Plateau 
for 700 miles is a normal fault-zone scarp (Figs. 106 and 263). He 
believes that the Piedmont old-age surface was once continuous with 
the Schooley peneplain and probably with the Asheville erosional surface 
in the Great Smokies, and that the widespread erosional surface 
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(Schooley) was dislocated hundreds of feet by normal faulting about the 
end of Tertiary time. This fault probably developed during the upwarp- 
ing of the Schooley peneplain. 

After the uplift of the peneplain, the larger streams cut down their 
channels most rapidly and were the first to reach “grade,” that is a con¬ 
dition in which, because of low velocity, they could no longer cut down 
their channels, though the widening process could continue because of 
lateral erosion by the meandering streams. The commonly occurring 
broad-bottomed, stream-cut valleys, in the area under discussion, show 
that many of the streams had reached graded, or nearly graded, condi¬ 
tion during the Early Quaternary (Fig. 264.3). The erosional surface 
represented by these valley floors has been called the Harrisburg surface. 
In the northen Appalachian district we have evidence to show that after 
the larger streams reached grade there was an appreciable renewed 
uplift of the land which again revived the activity of the streams which 
produced the Somerville surface (Fig. 264, 4). Farther north the 
broad Hudson V’alley, with minor hills rising above its surface, was 
produced when the Hudson was well along toward a graded condition 
and then, as a result of this Late Tertiary uplift of the land, the present 
narrow and fairly deep inner valley of the Hudson was formed. The 
Hudson did not reach grade in this inner valley, its work having been 
interrupted by both the subsidence of the land and the spreading of the 
great ice sheet over the region. 

This inner valley of the Hudson has been traced for fully 100 miles 
eastward beyond the mouth of the present river. The Coast and Geo¬ 
detic Survey has made a detailed map of the ocean bottom near New 
York City, and the submerged valley of the Hudson River is clearly 
shown as a distinct trench cut into the continental shelf. Even in the 
Hudson Valley above New York City, the narrow inner valley has a 
depth of hundreds of feet and is mostly submerged below tide water. 
Without question, this submerged Hudson Valley was cut when the 
region was land, and thus we have positive proof that, late in the 
Tertiary and possibly extending into the Early Quaternary, the region 
of southeastern New York was notably higher than it is today. Con¬ 
servative estimates place the amount of elevation greater then than now 
at not less than 1000 feet because the end of the Hudson channel is 
submerged fully that much. The coast was then at what is now the edge 
of the continental shelf or platform about 100 miles east of the present 
coast line. That this greater altitude was well before the close of the 
Ice Age is proved by the fact that the inner Hudson Valley now con- 
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tains much glacial debris. By similar reasoning, based upon the 
drowned valleys of the Maine Coast and the lower St. Lawrence, we 
know that those seaboard regions were also notably higher then than now. 

During Late Pleistocene time, the northern part of the Eastern High¬ 
land Region, including New York and New England, subsided (possibly 
because of the weight of the glacial ice upon it) so that by the close of 
the epoch, and shortly after, the land was relatively lower than it is 
today. It was during part of this time of subsidence that the St. 
Lawrence and lower Hudson Valleys were submerged under tide water 
more than they now are. The lowlands of Long Island and the vicinity 
of New York City were then under water. At the same time a broad 
arm of the sea extended through the St. Lawrence Valley and probably 
into the Lake Ontario basin. This so-called Champlain Sea existed at 
the time of the Nipissing stage of the Great Lakes as described beyond 
(Fig. 336). Champlain Sea beaches, containing marine shells and 
bones of whales and walruses, have been found at altitudes of 500 to 
600 feet in the St. Lawrence and northern Champlain Valleys. De¬ 
posits of this age are about 75 feet above sea level at Newburgh in the 
Hudson Valley. The altitudes of these so-called raised beaches show 
how much lower the land was during the time of greatest submergence, 
and that the subsidence was most toward the north. That this greatest 
submergence occurred after the close of the Ice Age in this region is 
proved by the fact that the now raised beaches and marine deposits rest 
upon the latest glacial drift. 

The most recent movement of the earth’s crust in the New York- 
New England region was the very gradual elevation which expelled the 
Champlain Sea and left the land at its present height. The altitudes of 
the raised Champlain beaches show that the greatest uplift was on the 
north. Up-tilting of various post-Glacial (Recent) lake deposits, at 
the rate of several feet per mile northward, prove the same thing. 

Interior Lowland. The great Interior Lowland Province, in the 
midst of the continent (Fig. 27), has been above sea level and subjected 
to erosion for a long time—the part from eastern Oklahoma and Wis¬ 
consin to New York since the close of the Paleozoic, and the western 
border and northwestern parts since the close of the Mesozoic era. A 
general, though moderate, uplift of the region took place in very late 
Cretaceous time. By the Late Tertiary the region was worn down to a 
condition varying from old age to a peneplain. This old, low-lying sur¬ 
face was rejuvenated by a general uplift ranging from a few hundred 
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feet to a thousand feet. The modern stream-dissected, hilly surface, 
with maximum valley depths of a few hundred feet, has developed on 
the rejuvenated surface. However, the Kansas-Missouri parts of the 
Interior Lowland have remained well preserved as an old age surface but 
little dissected by streams. Throughout much of the Interor Lowland, 
the Pleistocene ice-sheets interrupted the normal work of erosion and 
filled many valleys with glacial drift. Many streams have since cleared 
out such valleys or cut through the drift mantle in new places. 

Ozark-Ouachita Highlands. The so-called Interior Highland 
region of Missouri, Arkansas, and Oklahoma has been a land area since 
Late Paleozoic time. A general upward movement, involving several 
cycles (or partial cycles) of erosion and base-leveling, occurred during 
Mesozoic and Tertiary times. The peneplaned region was uplifted 
looo to 3000 feet in Late Tertiary time since which the highly stream- 
dissected surface of the present time has developed to a condition of 
maturity. Because of the folded structure of the strata, east-west ridges 
and valleys have been produced in the Ouachita Mountains, but, in the 
nearly horizontal strata of the Ozark Plateau, a very irregular ridge and 
valley pattern has resulted. 

Canadian Shield. This vast area, comprising about one-fourth of 
North .\merica (Fig. 27), has been subjected to erosion since Middle 
Paleozoic time. Most of this time it was probably not high above sea 
level. In the Late Tertiary the low-lying Canadian Shield seems to have 
been notably elevated and stream-dissected. Then the great Pleistocene 
glaciers covered it. Late in the Pleistocene the region subsided to a 
level lower than that of today, submerging the Hudson Bay and much 
of the Arctic Islands regions. There is very strong evidence from ele¬ 
vated beaches, etc., especially in the southeast, that, in the present 
(Recent) epoch, there has been a very considerable, though unequal, 

re-elevation. 

Great Plains. This vast area stretching from western Texas far 
northward into western Canada (Fig. 27), now rises from an altitude 
of about TOGO feet along its eastern margin to 4000 to 6000 feet along 
its western margin at the base of the Rocky Mountains. During most 
of Tertiary time the region was more nearly level, and, especially in 
the United States and southern Canada, it was the scene of widespread 
deposition of continental sediments. These sediments were earned out 
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of the mountains and deposited in the form of flood-plain and alluvial-fan 
materials by the numerous graded and overloaded streams. Sediments 
of each Cenozoic epoch are represented, but the deposition varied a great 
deal both in time and place, and locally there was some erosion. The net 
result of these processes was the development of a plain of aggradation, 
with a smooth, nearly featureless surface, by Late Tertiary time. Since 
then the Great Plains region has been differentially uplifted to its present 
height and with its eastward down-lilt. This uplift accompanied the 
rejuvenation of the Rocky Mountains as described under the second 
caption beyond. Wide areas (e.g., northwestern Texas) are still re¬ 
markably smooth and little affected by erosion, while other regions of 



Fig. 266. CapuUn Mountain in northeastern New Mexico is a fine example of Late 
Cenozoic volcanic activity in the western part of the Great Plains. Its di¬ 
ameter is one-fourth of a mile. In this case the activity was in very Late 
Quaternary time. (After VV. T. Lee, U. S. Geological Survey.) 


soft sediments, high above sea level, have been more or less deeply dis¬ 
sected, often into so-called “Badlands” (e.g., in southwestern South Da¬ 
kota). Also various long, narrow, irregular escarpments have developed 
where the more resistant, gently inclined strata outcrop. 

Relatively small-scale, Late Cenozoic volcanic activity occurred in 
parts of the western Great Plains, for example in New Mexico (Fig. 266), 
Colorado, and Montana. 

Pleistocene glacial deposition has often caused modifications of the 
topography in the northern part of the Great Plains. 

The Black Hills of South Dakota stand out so boldly above the Great 
Plains because the core of a locally formed Late Cretaceous domal anti¬ 
cline, laid bare by erosion, there consists of very resistant pre-Paleozoic 
igneous and metamorphic rocks. 
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Cordilleran Revolution. Practically the whole face of western 
North America from the eastern side of the Rocky Mountains to the 
Pacific Ocean has been profoundly changed by diastrophic activity 
during Cenozoic time, mostly since the middle of the Tertiary period. 
These changes involved erosion of Mesozoic and older mountains to low¬ 
lands. folding, warping, great normal and thrust faulting, rejuvenation of 
mountains, and the sculpturing effects of stream erosion in producing 
many present-day topographic features (e.g., Grand Canyon of Arizona). 

The term Cordilleran Revolution may well be used to cover the 
profound changes which have affected the Cordilleran region mostly in 
Late Cenozoic time. Alany of the important events in the Cenozoic 
history of this vast region will now be discussed, and we shall learn 
how the principal physical features came to be as we see them today. 

Rocky Mountains. General History. Only a few important fea¬ 
tures of the rather complex Cenozoic history of the Rocky Mountain re¬ 
gion will be mentioned. The extenive folding, faulting, and vulcanism, 
which marked Late Cretaceous and Early Eocene times (Rocky Moun¬ 
tain Revolution), left the region topographically high and generally 
varied. Conditions were thus favorable for rapid erosion of the high¬ 
lands, and deposition of resulting sediments in intermontane basins 
during Paleocene, Eocene, and Oligocene times. As indicated by the na¬ 
ture of the sediments (already described), all sorts of continental mate¬ 
rials were laid down, such as lake, flood-plain, alluvial-fan, and volcanic 
fragmental deposits. Particular mention may be made of the thick and 
extensive lake beds of Eocene age in southern Wyoming and northern 
Utah. Marine deposition was entirely lacking. The distribution of the 
various formations shows that the principal basins of deposition varied in 
time and place. 

By Late Tertiary time the general relief of the Rocky Mountain 
region was low because the highlands had been worn down and the 
intermontane basins largely filled with sediment. The worn-down areas 
were in an old-age to peneplain condition with many monadnocks of 
considerable size. 

Toward the close of the Tertiary the general region was greatly 
rejuvenated by broad uplifts or upwarps, accompanied by little folding, 
but with considerable faulting along the bases of various ranges. As 
stated by Atwood and Atwood, “late in Tertiary time, after the moun¬ 
tains had been subdued . . . and just before the opening of the Pleisto¬ 
cene period, there occurred throughout the Rocky Mountain region 
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another physical revolution of major significance. The movement this 
time was widespread: it was epeirogenic rather that orogenic. The 
mountain ranges were somewhat emphasized, but the most significant 
feature was the widespread general uplift. We believe that the entire 
Rocky Mountain region was affected.” The old worn-down surface 



Fic 267. Remnant of a gently rolling (old age) surface 12,000 feet above sea level 
in the Rocky Mountains. In Late Tertiary time it covered a wide region 
thousands of feet below its present level, and the peaks in the background of 
the picture were then monadnocks. Flattop Mountain, Rocky Mountain 
National Park, Colorado. (After W. T. Lee, U. S. Geological Survey.) 

was upwarped thousands of feet, \arious, now high-altitude, remnants 
of that surface are preserved. One of these, representing part of the 
so-called Flattop Peneplain, is remarkably well shown at an altitude of 
12,000 feet in Rocky Mountain National Park (Fig. 267). 

The later Cenozoic rejuvenation of the Rocky Mountains resulted 
in removal of much Tertiary material, and the bringing into strong relief 
of the older, harder rocks, by the revived streams, some of which became 






Fi(.. 268. Lookinc into Yellowstone Canyon which has been cut more than 1000 
feet through horizontal volcanic rocks of Pliocene age. The brilliantly colored 
rocks are here unusually weak because of the decomposing action of hot waters. 
\’ellowstone National Park. (Photo by Hillers, U. S. Geological Survey.) 

locally superimposed. Thus the Big Horn, Wind River, Uinta, Medicine 
Bow, Laramie. Colorado Front, and Sangre de Cristo Ranges, consist of 
anticlinal cores of hard pre-Paleozoic granites, schists, etc. (Fig. 196)- 
In other cases, such as the San Juan Mountains of Colorado and most 
of the mountains of Yellowstone National Park, much of the high, rugged 
relief is a result of vigorous erosion of Tertiary volcanic rocks. The 
rugged mountainous region of Glacier National Park consists of a great 
overthrust block of deeply dissected, relatively hard Proterozoic strata. 
In northern Utah, the Wasatch Range is an uplifted Late Cenozoic fault- 
block. 

Vigorous and often long-continued volcanic activity took place 
throughout much of Tertiary time in various parts of the Rocky Moun¬ 
tains. Particular mention may be made of the tremendous accumula¬ 
tions of volcanic rocks (e.g., San Juan tuff) in southwestern Colorado 
(Fig. 269). and the volcanic plateau and mountains of Yellowstone 
Park (Fig. 268). Small bodies of intrusive rocks were also emplaced 
here and there. 
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Pleistocene glaciers in the higher mountains produced many local 
effects of erosion and deposition, as for example in Rocky Mountain and 
Glacier National Parks where glaciated canyons and morainic deposits 

are excellently shown. 

Superimposed Rivers. As a result of the Late Cenozoic rejuvenation 



Fic 269. A columnar section showing volcanic rocks of Tertiary age piled up -o a 
thickness of more than 6000 feet in the Ouray region o southwestern Colorado. 
The conglomerate near the base is an Eocene glacial deposit. (From U. S. 

Geological Survey, Ouray folio.) 

of the worn-down Rocky Mountain region, according to Atwood and 
Atwood, “the old-age rivers of the previous cycle took on the character¬ 
istics of youth and began to lower their courses. They cut through the 
mid-Tertiary alluvium to encounter hard rocks, for virtually all the 
streams were flowing, in places, over buried mountain ranges. . . , 
They all found it necessary to attack the ancient rock formations, and in 
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nearly every instance they cut magnificent water gaps. . . . There is 
not a single major river leaving the Rocky Mountain region today that 
does not plunge through a mountain range. . . . Most of these are 
examples of superposition where the streams have cut through a mantle 
that buried the underlying mountain structures.” To use a single illus¬ 
tration, the Laramie River flows northward for many miles through the 
wide Laramie V^alley, then suddenly changes its course to flow 25 miles 
through a gorge cut to a depth of 1000 feet in granite in the Laramie 
Range after which it emerges on the plains just east of the range. 
Erosion has removed most of the Cenozoic sediments from the region, 
but remnants show that an extensive mantle of such material formerly 
covered this part of the range as a thin veneer through which the river 
became superimposed upon the granite of the range. 

Examples of Tertiary Lakes. A remarkable deposit of Eocene 
age laid down in two extensive lakes is the Green River formation. It 
is widely exposed in southwestern Wyoming, northwestern Colorado, 
and northeastern Utah. It is about 2000 feet thick and remarkably 
well-bedded, usually laminated (Fig. 245). The sediments are mainly 
soft shales (including much oil-rich shale), soft sandstones and marl- 


Fic. 270. A large exposure of intricately eroded and sculptured San Juan tuff of 
Middle Tertiary age in Wheeler National Monument, Colorado. (Photo by 
courtesy of U. S. Forest Service.) 



« * 





ROCKS AND PHYSICAL HISTORY OF THE CENOZOIC 397 

stones or limy shales. The average thickness of the beds is less than 0.2 
millimeter. Nearly horizontal stratification shows that the formation 
has been little disturbed from the original position in which it was de¬ 
posited. The Green River beds grade laterally, and perhaps vertically, 
into adjacent materials of terrestrial origin. Many excellently preserved 
fossil remains of plants, insects, and fresh-water fishes occur in the forma¬ 
tion. The Green River sediments were deposited in fresh-water lakes— 
one in the Green River Basin north of the Uinta ^Mountains with drain¬ 
age into another in the Uinta Basin south of those mountains. Together 
they covered approximately 25,000 square miles, and the young Uinta 
Mountains extended eastward between them as a high peninsula for 200 
miles. At the same time a smaller lake lay near the western border 
of Wyoming. These were probably the most extensive of the Early 
Tertiary lakes which occupied intermontane basins in the young Rocky 
Mountains. Not only the fossils, but also the varved nature of the beds, 
prove that they were fresh-water lakes. Presuming that each varved 
bed represents a year’s deposition, Bradley has estimated that the lakes 
lasted 5,000,000 to 8,000,000 years. He also says that the climate was 
characterized by cool, moist winters and warm summers. 

An interesting example of a small Pliocene fresh-water lake which 
nestled among the mountains of Colorado was the one in the vicinity of 
Florissant. The material deposited in this lake is called the Florissant 
formation. It consists of thin-bedded shales resulting partly from vol¬ 
canic dust showered on the lake, and partly from such material washed 
into it. Several thousand species of excellently preserved fossil insects, 
plants, fishes, and fresh-water shells, but predominantly insects, 
have been unearthed from these shales. In this locality, teeming with 
living things, the conditions were unusually favorable not only for killing 
the plants and animals, but also for preserving them in fossil form. 

Colorado Plateau. At the time of the Rocky Mountain Revolu¬ 
tion, the Colorado Plateau region underwent widespread uplift, accom¬ 
panied by broad warping and gentle folding. The great Kaibab 

Plateau upwarp then developed (Fig. 271). 

During the Paleocene there was widespread erosion after which 
Eocene continental sediments were laid down extensively as a mantle 
over much of the Colorado Plateau region. 

During post-Eocene Tertiary time, there was renewed widespread, 
profound erosion which resulted in the Plateau Peneplain in the southern 
one-half of the Colorado Plateau region, and the development of Plateau 
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Terraces (or platforms) over the northern part (Fig. 271). Most of 
the Eocene strata, and much of the Mesozoic, were removed by this 
erosion. During this time, the large rivers such as the Colorado and 
San Juan, first became superimposed, and then pursued meandering 
courses on the peneplain in Late Tertiary time. These rivers have since 
cut deep canyons, but the old meanders, now deeply entrenched, are 
still preserved, remarkably so in the case of the San Juan River (Fig. 96). 

Before the close of the Tertiary there was a moderate general uplift 
(hundreds of feet only), with some north-south faulting. This re¬ 
newed the erosion which produced broad, shallow valleys and a step¬ 
like topography, the latter because escarpments were developed along 
outcrops of certain resistant formations. 



Fig. 271. A highly generalized structure section through the Colorado Plateau 
showing its principal topographic and geologic features. Note the general 
southward down-tilt; the Kaibab Plateau upwarp; the remnants of once more 
widespread Mesozoic and Cenozoic strata, with their steplike topography, at 
the upper right; the deep-cut Grand Canyon; and the Late Cenozoic volcano. 

Mention should be made of the fine exhibition of the Tertiary 
laccolithic intrusions in the plateau region of southeastern Utah. 

The present cycle of erosion began in the Early Quaternary. It was 
introduced by a profound general uplift of the whole Colorado Plateau 
region, accompanied by a general northeasterly up-tilt. In the south 
the plateau was brought to an altitude of about 5000 feet, and in the 
north to more than 10,000 feet. The uplift caused a vigorous revival 
of stream erosion, particularly by the great Colorado River which has 
ever since been busily engaged in carving out the Grand Canyon of 
Arizona. There has also been some Quaternary volcanic activity as 
shown by the young cinder cones near Flagstaff, Arizona. 

The Grand Canyon is 200 miles long, about a mile deep, and 7 to iS 
miles wide. It is still being widened and deepened because the swift, 
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active Colorado River at the bottom of the canyon is far from graded. 


The maze of side canyons has been produced by 
erosive action of tributaries to the main stream. 
The numerous buttes and mesas, in many places of 
mountainous size, rising within the canyon are ero- 
sional remnants which have not been reduced by 
erosion as fast as the rest of the rocks. The river 
has cut through about 4000 feet of nearly horizontal 
Paleozoic strata, and 1000 feet or more into the un¬ 
derlying pre-Paleozoic rocks. Outcropping edges of 
the more resistant Paleozoic formations are in the 
form of great and small cliffs, while intervening 
weaker beds are in the form of slopes. 

Basin and Range Province. This large physi¬ 
cal province (Fig. 27) in the southwestern United 
States is characterized by many roughly parallel 
ranges separated by alluvial basins (bolsons). Alti¬ 
tudes vary from 279 feet below sea level in Death 
Valley, California, to over 13,000 feet in the Inyo- 
White Mountains of eastern California. 

Most of the region was more or less strongly 
folded into mountains at the time of the Late Jurassic 
Nevadan Revolution. During the Cretaceous period 
and most of the Tertiary, profound erosion reduced 
the whole region to low relief (old age). 

In Late Tertiary time volcanic rocks (mainly 
lava-flows) covered many large and small parts of 
the old-age surface. 

Beginning in the Late Tertiary, and continuing 
through the Quaternary, diastrophism (chiefly fault¬ 
ing) has been very active, resulting in the develop¬ 
ment of the many fault-block mountains and inter¬ 
vening fault-trough valleys, an excellent example of 
the latter being Owens Valley, California. Particu¬ 
lar mention may be made of the great Sierra Nevada 
fault scarp (modified by erosion) on the western side 
of the province (Fig. 289), and the Wasatch scarp 
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on the eastern side. In many places the once horizontal lava flows may 


now be seen on the backs of block mountains (Fig. 273). 
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The processes of faulting have varied a good deal in time and place 
throughout the province. For this reason many fault scarps are much 
more modified by erosion than others. Some high scarps are remark¬ 
ably steep and comparatively little eroded (Fig. 275). In not a few 
cases fault scarps have recently formed across alluvial cones (Fig. 276). 
Noticeable dislocations have occurred along some of the faults during 
the last fifty years. 




Fig. 273. Block diagrams illustrating typical stages in the later Cenozoic history 
of the Basin and Range Province. Upper diagram: back part shows the Late 
Tertiary peneplain, and front part the same partly covered with lava-flows. 
Lower diagram: back part shows the region after block faulting as it would 
appear if unaffected by erosion, and front part the actual present-day condition. 
The particular region here sketched includes the Peacock Range of western 
Arizona. (Drawn by W. M. Davis.) 

While the rising mountains have been eroded, the resulting debris has 
largely been carried into the intermontane basins, most of which have 
no outlets to the sea. In various places such sediments have accumu¬ 
lated to thicknesses of hundreds, or even thousands, of feet. The 
province as a whole varies from late youth to early old age in the 
desert cycle of erosion. 

Some volcanic action has continued through Quaternary time almost 
to the present day, as in Owens Valley and the Mohave Desert, Califor- 
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Fig. 274. An edge of a recent lava How on the Mohave Desert near Amboy, 

California. This flow is associated with a cinder cone. 



Fig. 275. Great fault-facets of Late Quaternary age on the side of Deep Spring 
Valley, California. The range rises 3000 feet above the valley floor. The 
slightly eroded triangular fault-facets are hundreds of feet high. (Photo by 
R. H. Mansfield.) 
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nia. where remarkably fresh lava flows have very recently spread over 
desert sands (Fig. 274). and cinder cones are almost untouched by 
erosion. 

During Late Quaternary time the Basin and Range Province had a 
moister climate than at present, because lakes were much more numer¬ 
ous and larger than now (Fig. 277). One of the largest of these was 
Lake Bonneville, which represented a greatly enlarged stage of Great 
Salt Lake. Lake Bonneville was of fresh water, covered 19.000 square 

I 

I 

; 



Fig. 276- A fault scarp produced by recent dislocation of a larpe alluvial cone. 

Near Goler in the Mohave Desert. California. 


miles, and had a maximum depth of 1000 feet. Its remnant, the present 
heavy brine of the Great Salt Lake, covers about 2000 square miles and 
has a maximum depth of only about 50 feet. The outlet of Lake 
Bonneville was northward into Snake River. The former existence of 
this great body of water is positively proved by the perfectly preserved 
beaches, wave-cut terraces, deltas, etc. (Fig. 278). .Another very large 
body of water, called La/^e Lahontan, occuped some thousands of square 
miles of western Nevada, but it had no outlet. Since the lowering of 
the water levels in these basins, crustal disturbances have caused con¬ 
siderable tilting of the old shore lines. 
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Columbia Plateau. The building up of the vast lava region known 
as the Columbia Plateau, covering 125,000 square miles of the north¬ 
western United States between the Cascade and Rocky Mountains (Fig. 
27), took place during Cenozoic time. It is one of the few greatest lava 
fields of the world. Fissure eruptions seem to have produced most of the 



Fig. 277. Map showing the extinct Quaternary lakes of part of the Basin and 

Range Province. (After U. S. Geological Survey.) 


lava flows which commonly spread far from their sources, and piled up 
to thicknesses as great as 4000 feet or more. The vulcanism continued 
with more or less vigor through Tertiary time, but it was most pro¬ 
nounced in the Miocene and Pliocene epochs. It gradually diminished 
during the present (Quaternary) period, some of the most interesting, 
recent volcanic rocks being in Craters of the Moon National Monument 
in southeastern Idaho. 
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Fic. 278. Lake Honnexillc shore terraces on the Oquirrh Ranire west of Salt Lake 


City, I'tah. Successixel>' lower terraces were formed by xx’avc action during 


the lowering of the lake. (Alter G. K. Gilbert, V. S. Geological Survey.) 



I'lo. 279. An exposure of the John Day formation of Oligocene-Miocene age 15 
miles north of Uavville. Oregon. The nearly horizontal beds of buff and green 
tuffs contain an inlerbcdded sheet of red rhyolitic lava (darker layer) in its 
upper part. (Photo by R. \V. Chaney.) 
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The evidence from some mountains not buried under the lava (e.g., 


Blue Mountains, Oregon) and from canyons 
where buried mountains have been exposed by 
erosion (e.g., Seven Devils Canyon of Snake 
River) shows that the pre-lava topography was 
that of late maturity or early old age of the 
normal cycle of erosion. 

^‘For thousands of square miles the surface 
(of the plateau) is a lava plain which meets the 
boundary mountains as a lake or sea meets a 
rugged and deeply indented coast. . . . The 
rivers which drain the plateau—the Snake, the 
Columbia, and their tributaries—have deeply 
trenched it, yet their canyons, which reach the 
depth of several thousand feet, have not been 
worn to the base of the lava except near the 
margin and where they cut the summits of moun¬ 
tains drowned beneath the flood. Here and 
there the plateau has been deformed. . . . The 
plateau has been built like that of Iceland, 
of innumerable overlapping sheets of lava (Fig. 
280). . . . The average thickness of flows seems 
to be about seventy-five feet. 

“The plateau was long in building. Between 
the layers are found in places old soil beds and 
forest grounds and the sediments of lakes. . . . 
So ancient are the latest floods in the Columbia 
Basin that they have weathered to a residual 
yellow clay from thirty to sixty feet in depth and 
marvelously rich in the mineral substances on 
which plants feed. In the Snake River Valley 
the latest lavas are much younger. Their sur¬ 
faces are so fresh and undecayed that here the 
effusive eruptions may have continued to within 
the period of human history.” ^ 

It should not be understood that all the rocks 
are lavas. In various places and at different 
times, fragmental materials accumulated, often to 
depths of hundreds of feet (Fig. 279). During 
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and after the main eruptions there was some gentle folding (Fig. 280), 


* W. H. Norton: Elements of Geology, pp. 400-401. 
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faulting, and general warping of the region. Extensive Lake Payette 
came into existence because of such deformation in the midst of Tertiary 
time in eastern Oregon-western Idaho. The lake beds are rich in fossil 
plants. Also of special importance is the John Day formation (Fig. 
279) of Oligocene-Early Miocene age, and consisting largely of volcanic 
dust beds and tuffs. From this formation in north-central Oregon, pa¬ 
leontologists have unearthed a great variety of fossil plants and land 
animals. 




Fig. 281. A prcat volcanic cone of late Cenozoic age rising 8000 to 10,000 feet 
above the surrounding country. Mount Shasta. California, as seen from the 
east. (Photo by J S. Oilier, S. Geological Survey ) 


Cascade Range. The Cascade Range region, extending from the 
Lassen Peak district in northern California through Oregon and \\ ash- 
ington (Fig. 27), was more or less folded and elevated toward the close 
of Jurassic time. Considerable parts of the region were submerged 
during much of Cretaceous time. Re-elevation of the whole region 
was followed by much erosion during earlier Tertiary time. Great 
volcanic activity, mainly in the form of lava outpourings, occurre m 
the later Tertiary, largely IMiocene in the middle Cascade region, an 
largely Pliocene in the southern part. These volcanics piled up to such 
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a great extent as almost completely to bury the pre-Tertiary rocks in the 
middle and southern parts of the Cascade region. Bv latest Tertiary or 
Early Quaternary time most of the region, particularly in northern Wash¬ 
ington, was in an old age or peneplain stage of erosion. 

During the Quaternary there has been a great rejuvenation of the 
middle and northern C'ascade region, accompanied by warping and 
gentle folding, to form a plateau 4000 to 8000 feet above sea level, and 
with a north-south trend. That portion of the range which is cut 
through by the Columbia River was bowed up .several thou.sand feet in 
the form of a broad anticline or upwarp. 40 miles wide, with its axis 
parallel to that of the mountains, and the river maintained its course, as 
an antecedent river, during the uplift. 

During and since the rejuvenation, the plateau has been deeply 
dissected by streams aided somewhat by glaciers. In the mean ime 
numerous large volcanoes were active from one end of the range to the 
other, building up a string of cones above the general level of the plateau 


Fig. 282. .Aerial view of part of the Cas-cade Ranjic in northern Wa.shinKton. The 
ridges, consistinc of pre-Tertiary iuneous and mcta-metamorphic rocks and rising 
to the small general level, are remnant.s of the I.atc Tertiary peneplain which 
was uplifted thousands of feet and deeply dissected during Quaternary lime. 
The two volcanic cones—St. Helens and Adams—built up above the level of 
the ridges during Quaternar>‘ time. tP*’oto b\- Fairchild .Aerial Sur\eys. Inc.) 
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surface (Fiii. 282). Amon" these cones are Lassen Peak, Mt. Shasta, 
Mt. Pitt. Mt. Hood. Mt. St. Helens. ^It. Adams. !Mt. Rainier, and Mt. 
Baker. Many of the larger cones supported glaciers during the Pleisto¬ 
cene period, and some of them still do. Mt. Rainier now supports 
nearly 50 square miles of glaciers. 

C'rater Lake. Oregon. 2000 feet deep and nearly 6200 feet above sea 



P'jo. 283. Sketches illustratinii the later history of Mt. Mazama, Orefr«jn. L'pper; 
the full-urown active volcano in Laic Pleistocene time. Middle; the cone 
draped with iilaciers durinti the Late Pleistocene. Lower: the mountain as it 
now appears after de-truction of the cone and partial fillinc of the resulting 
great crater pit with water to form Crater Lake. (.After \V. \V. .Atwood. Jr.) 


level, partly fills a crater pit (or caldera) 6 miles in diameter (Fig. 284). 
The caldera probably resulted from violent explosive activity followed 
by collapse of the upper portion of a once great volcanic cone known as 
Mt. Mazama. Glacial deposits have recently been found interbedded 
with volcanic rocks in the walls of the caldera facing Crater Lake, thus 
proving that glaciers existed on ^It. iMazama from time to time while 
it was building up (Fig. 285) during Quaternary time. In the southern 




\ icw across the western part of Crater Lake, Orecon. The lake basin 
oduced by violent volcanic explosive activity followed by collapse of the 
part of a once great volcanic cone. The island is a cinder cone formed 
basin, (Photo bv Oregon State Highway Commission, courte.sy of U. S. 


National Park Service.) 

Cascade region, various lava flows and cinder cones are of Late Quater¬ 
nary, even Recent, age, as for examples in the Mt. Shasta. Lava Beds 

National Monument, and Lassen Peak areas. 

A cinder cone and small lava field near Lassen Peak, California, are 
very young, the latest lava having poured out during the middle of the 

nineteenth century (Fig. 286). 

Lassen Peak itself erupted explosively many times during the years 
1914-1916 (Fig. 287). 

Sierra Nevada Range. This mountain range extends 400 miles 
through eastern California and rises to a maximum altitude of 14,496 
feet in Mt. Whitney. 

As we have already learned, the Sierra Nevada region was highly 
folded, intruded with granite batholiths. and elevated into lofty moun¬ 
tains near the close of the Jurassic period. During Cretaceous and 
Eocene times, the once lofty mountains were worn down to a condition 
varying from hills to low mountains. This we know because the larger 
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Fin. 285. A detail of the crater wall facinu Crater Lake, Oregon, showinc iilacial 
deposits inlcrbeddecl with \olcanic rock-;, thus proving that at least twice during 
the huikling of Mt. Manama glaciers existed on it. (After W. \V. Atwood. Jr.) 

west-flowing rivers ceased down-cutting and aggraded their valley 
bottoms with thick gravels of Eocene age as proved by fossil plants 
found in them. These gravels have yielded much placer gold. Many 
of these stream courses of about 50,000,000 years ago have been traced 
by following well-i^reserved remnants of the gold-bearing gravels, es¬ 
pecially where they have been protected against erosion under cover of 
still younger volcanic rocks. 



Fig. 286. A recent cinder cone and lava field, several miles long, partly filHnc a 
valley in Lassen Volcanic National Park, California. The youngest lava poured 
out in the middle of the nineteenth century, {.^fter U. S. Geological Survey.) 
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During most of the Oligoccne and Miocene, and parts of the Pliocene, 
vigorous and widespread volcanic activity was the rule over the northern 
one-half of the Sierra Nevada region. The Late Eocene land surface 
became largely covered with both volcanic ash and lava Hows. Much of 
this volcanic material is still preserved as shown on the state geologic 
map. During this time rela¬ 
tively little volcanic action oc¬ 
curred in the southern one-half 
of the Sierra Nevada region, and 
so erosion continued to be the 
dominant process there. 

Early in the Pliocene epoch, 
diastrophic activity caused the 
whole Sierra Nevada region to be 
uplifted into a great, generally 
elongate, domal mass with a 
northwesterly trend. Its highest 
part was where the highest peaks 
are today, but the maximum al¬ 
titude was then probably not 
more than 7000 feet. It is im¬ 
portant to note that the Sierra 
Nevada region, at that time, was 
not a separate blocklike moun¬ 
tain range, with a steep eastern 
front, as it is today, but rather 
it was part of a fairly high and 
extensive land mass which, unbroken by great faults, extended well into 

Nevada. 

The Early Pliocene uplift or upwarp caused revival of streams, the 
larger of which cut canyons 1000 to 2000 feet deep, most of them down 
the western slope of the great domal mass. 

Minor volcanic activity continued well into the Quaternary period 
as shown by some volcanic cones relatively little affected by erosion. 
A Late Pliocene lava How of special interest is excellently represented and 
exposed in Tuolumne Table Mountain west and southwest of Sonora in 
the Mother Lode country. This once molten stream flowed fully 30 
miles southwestward at the bottom of a sharply defined valley which was 
cut in a thick deposit of weak volcanic dust. Since then erosion has 



Fic. 287. Lassen Peak in northern Cali¬ 
fornia in eruption Aujtust 22, 1914. 
Smoke and volcanic ash rose to a 
height of 10.000 feet. (From a photo- 
{•raph bv R. E. Stimson, Red Bluff, 
Calif.) 



Fh.. j88 . Aerial show inti part of Tuolumne I able Mountain. TI, in the 

Mother I.ode rotiion ol the Sierra Nevada Ranse. California, The rock ol this 
tlat-topped ridtie is relatively resistant lava of Late Pliocene a«e. It was 
oriiiinally a lava llow in the bottom of a river valley as explained in the ac- 
companyinti text. (Photo by Russell Aerial Service, courtesy of (). P. Jenkins.) 


rvmovfd most of the dust from the region, leavinii lar^^'e ixirts of the 
wiiiditi" lava (low to form the cap rock of tlat-topped. hi^h ridues (I-i". 

288). 

Karl\ in the Quaternary another important change affected the Sierra 
Nevada region. 'I'he ^reat. eloniiate. domal mass, hundreds of miles 
Ion”, underwent renewed elevation, causing it to l)e fully 6000 to 7000 
feet higher, and thus giving rise to most of the height of the present-day 
lofty range. During the uplift the dome has been broken by down- 
faulting along what is now the eastern side of the range thus accounting 
for the high, steep, eastern front (Hg. 289). The ma.ximum displace¬ 
ment, measured vertically, along this great Sierra Nevada fault-zone is 
at least 10,000 feet (Fig. 290). Throughout its length of more than 
400 miles it is seldom less than a few thousand feet. The Sierra 
Nevada fault is not a single, clean-cut fracture, but rather it is a narrow 
belt usually containing more than one fault, but with downthrows in 
the same general direction; therefore it is technically a fault-zone. 

.As a consequence of the Quaternary rejuvenation, the revived streams, 
which became not only swifter but also larger, deepened the Pliocene 
canyons so that now many of them are 3000 to 6000 feet deep (e.g.. 
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King’s River Canyon). Valley glaciers, including large ones, occupied 
parts of many of the canyons, and helped to deepen them somewhat and 
change their shapes, during the Pleistocene Ice Age, as in the case of 
Yosemite Valley (Fig. 318). 



Fig. 289. Generalized representation of a part of the present-day Sierra Nevada 
block. Crumpled parallel-lines show “roots” of the ancestral (Late Jurassic) 
Sierra Nevada extending downward into the great batholith of pranodioritc. 
The “roots” consist of Late Jurassic and older metamorphic rocks. Dotted 
portion is alluvial material deposited mainly by the large transverse rivers 
which have cut deep canyons into the western slope of the tilted block. Posi¬ 
tions of the smaller, longitudinal valleys were determined by structural control 
of the folded strata during erosion of the Late Jurassic mountains to an old 
age condition by Late Tertiary time. Vertical scale greatly exaggerated. 
(After F. E. Matthes, Sierra Club Bulletin, Vol. 22, p. 4, 1937.) 

Coastal Mountains of the Western United States. General 
Statement. During the Eocene epoch much of the western parts of 
Oregon, Washington, and California, and much of Lower California were 
under the sea most of the time (Fig. 258). Eocene lavas poured out in 
western Washington and Oregon. 

The Oligocene was marked by somewhat greater elevation of the 
coastal region, causing the sea to be much more restricted (Fig. 259). 
Non-marine beds, such as the Sespe formation in southern California, 
piled up in various places. 

Submergence of the coastal region, comparable to that of the Eocene, 
marked earlier Miocene time. In the midst of the Miocene there was 
pronounced diastrophism, involving local folding and uplift, in the 
coastal mountains region of California accompanied by great extrusions 
of volcanic rocks at this time in southern California. The later Miocene 
was another important time of subsidence, particularly in California 
where the western one-third of the state was again submerged (Fig. 260). 
Sediments piled up to great thicknesses in the Miocene seas, particularly 
in California. 
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Fu;. 2<)0. Part of the creat eastern front of the Sierra Nevada, California, facing Owens Valley. This Late Cenozoic fault 
scrap, modified by erosion, rises 8000 to 10,000 feet above the floor of the valley whose altitude is about 4000 feet. Most 
of the rock is Late Jurassic granodiorite. (Photo by W. C. Mendenhall, U. S. Geological Survey.) 
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In the Pliocene and earliest Pleistocene, the seas were much more 
restricted (Fig. 261) than in the Miocene, but in southern California 
conditions for rapid marine sedimentation in local basins were excep¬ 
tionally favorable, as for example in the Ventura Basin discussed a little 
beyond. Non-marine beds of Pliocene and Early Pleistocene ages also 
accumulated in many places. Considerable Pliocene \’ulcani.sm occurred 


r 


1 



Fig. 291. Marine Pleistocene beds (Palos Verdes), containing warm-water shells, 
resting by unconformity upon still older marine Pleistocene (San Pedro) beds, 
containing cool-water shells. San Pedro, California. (Photo by U. S. Grant, 
IV.) 


in the northern Coast Range region of California, particularly north and 
east of San Francisco Bay. 

During the Quaternary period the whole coastal belt has been in¬ 
volved in the Coast Ranges Revolution discussed under the next caption. 

Coast Ranges Revolution. At or near the opening of the Pleistocene 
epoch, general elevation and great deformation, including much folding 
and faulting, began in the coastal mountains region from Puget Sound 
to the tip of Lower California, especially in the Coast Ranges area of 
California. This orogeny, called the Coast Ranges Revolution, has not 
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ended as evidenced by sudden fault movements causing earthquakes 
and by slower but measurable movements still in progress. Cenozoic 
and older strata, commonly 20,000 to 40,000 feet thick, have been more 
or less profoundly affected by the orogeny. In various places strata as 
young as Early Pleistocene show strong effects of the diastrophism (Fig. 



Fig. 292. Structure section across a portion of the Coast Range Mountains of 
central-western California, showing the nature of the Pleistocene folding and 
faulting. Length of section, 9 miles, jc, Jurassic? rocks; odb, pre-Tertiary 
intrusive rock; Tb, Tsl, Oligocene sandstone and shale; Tv, Tvt, Miocene 
sandstone and shale. The profound fault at the right is the one along which 
renewed displacement occurred to cause the San Francisco earthquake of 1906. 
(.^fter Branner, Newson and Arnold, U. S. Geological Survey, Folio 163.) 
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Fig. 293. A nearly north-south structure section through a part of western Los 
Angeles County, California, proving that the region was strongly folded and 
faulted after Early Pleistocene (Saugus) strata were deposited. Length of 
section, 6.5 miles. Symbols: be — pre-Cretaceous crystalline rocks; Tip = 
Miocene (Topanga) sandstone; Tmsh, Tnis = Miocene (Modelo) shale and 
sandstone; Tp — Late Pliocene (Pico) sandstone; and Ts — Early Pleistocene 
(Saugus) sandstone. (After W. S. Kew, U. S. Geological Survey, Bui. 753.) 
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Fig. 294. A generalized structure section across the San Joaquin Valley part of the 
Great Valley of California showing the positions and structure of the Cenozoic 
deposits and their relations to the older rocks. The granite is Late Jurassic. 
The “Valley soil” is mainly Quaternary, unconsolidated allu\num which was 
carried down by streams from the mountains on either side and spread over 
the valley floor. (After California Division of Mines.) 
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295) thus proving that, in such places, the disturbance did not begin 
until well within Pleistocene time. The revolution has involved a 
series of movements varying in time, place, and intensity. Thus Figure 
295 shows distinct evidence of two diastrophic episodes, each involving 
much disturbance during the Pleistocene epoch. Some typical effects 
of the orogeny are shown by Figures 292 and 293 in which slight to high 
degree folding, and both normal and thrust faulting, are indicated. 

The Great Yalley of California, little affected by folding and faulting 
during Quaternary time, lay between the rising folds of the Coast Range 
Mountains on the west and the rising Sierra Nevada fault-block on the 

east. 



Fic. 29s. Steep-dippinR Pleistocene beds restins by unconformity upon steep- 
dipping Early Pleistocene (Tulare) beds. The region shows two pronounced 
diastrophic events within Quaternar>’ time. The Tulare formation was in¬ 
volved in an overturned fold in the Early Pleistocene. Then erosion cut 
deeply into the fold, and younger Pleistocene alluvial material was laid down 
on the eroded surface. A second diastrophic episode then affected both of the 
formations and caused the younger Pleistocene beds, together wUh the uncon¬ 
formity to be strongly upturned. Southern end of the Great \ alley of Cali¬ 
fornia. (Photo by H. W. Hoots for the U. S. Geological Survey.) 

There are many records of later Quaternary ups and downs in the 
coastal mountains region of the western United States, often amounting 
to hundreds of feet, as shown by uplifted marine terraces, and by 
sunken areas such as San Francisco Bay and Puget Sound. 

Ventura Basin. Special mention should be made of the remarkable 
pile of Cenozoic strata which accumulated to the amazing maximum 
thickness of 47,000 feet during a relatively short interval of geologic 
time (Cenozoic era) in the so-called Ventura Basin. The scene of this 
deposition may be thought of as a small, rapidly subsiding geosynclinal 
trough with an east-west trend. The city of Ventura, in southern 
California, lies in the midst of the site of this trough. From this city 
eastward the strata deposited in the trough are excellently exposed for 
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50 miles, and westward, along the coast past Santa Barbara, the strata 
are exposed in a narrower belt for 50 miles. Also quite certainly Ceno- 
zoic sediments accumulated in the Santa Barbara Channel which is now 
bounded on the north by the mainland, and on the south by a string of 
islands. The Ventura Basin was, therefore, fully 100 miles long. 

The strata piled up in Ventura Basin with scarcely a break in de¬ 
position. and so there is an almost complete record of Cenozoic time 
to the middle of the Quaternary at which time they were affected by 
the Coast Ranges orogeny. The strata are almost all clastic, very little 
rock of organic origin being present. This indicates relatively rapid 
deposition. Also, with the exceptions of the Oligocene Sespe formation 
and the Pleistocene Saugus formation, the strata are all marine, these 
latter being about 40,000 feet thick. 

From Early Tertiary to Middle Quaternary time, the V'^entura Basin 
became gradually narrower. It is believed, however, that the Santa 
Barbara Channel represents the still submerged part of the geosynclinal 
trough. 

Table 14 shows the various formations which were deposited in the 
basin, and Figure 296 shows the present-day relationships of most of 
them after folding, faulting, uplift, and erosion. Figure 207 illustrates 
extreme folding of Ventura Basin strata. 

Mountains of Southwestern California. Some of the principal moun¬ 
tains of southwestern California are the San Gabriel, San Bernardino, 
San Jacinto, and Peninsular Ranges. They have many points reaching 

altitudes of 6000 to over 11,000 feet. 

During Eocene, Miocene, and Pliocene times the sea spread over the 
coastal part of southwestern California, including the sites of some of the 
smaller ranges. Sediments piled up to a great thickness in these mar¬ 
ginal seas, particularly in the Los Angeles Basin where Tertiary strata 
are fully 20,000 feet thick. In Early Pliocene time the Gulf of Califor¬ 
nia extended farther north than it does today (Fig. 261). 

The Tertiary upland region (usually mountainous) facing the mar¬ 
ginal seas consisted mostly of hard igneous and metamorphic rocks of 
pre-Cretaceous age. It was inherited from the mountains formed 
during the Sierra Nevada Revolution. By Early Pleistocene time the 
upland region was reduced to an old age or peneplain condition. 

Profound diastrophic activity during Quaternary time has resulted 
in the uplift of large and small bodies of the old hard rocks of the 
worn-down upland region, in the form of fault blocks, to various heights 
(Fig. 298). In most cases the mountain blocks rose thousands of feet 




Fig. 298. Part of the San Gabriel Mountains risine 5000 feet above Pasadena. 
California. These mountains were upraised mainly in early Quaternary time. 
The sleep front of the ranee is a fault scarp much modified by erosion. There 
are deep canyons back in the mountains. Note the eroded fault scarp which 
marks dislocation of the flat-topped alluvium-covered terrace across the middle 
of the picture. (Photo by S. E. Wolff.) 

as so-called horsts between two faults (e.g., San Gabriel Mountains), 
while in other cases they were upraised as tilted blocks (e.g., Santa Ana 
mountains). These mountains have been deeply stream-dissected to a 
stage of late youth or early maturity. In many places distinct remnants 
of the former old-age surface are now preserved thousands of feet above 
sea level (Fig. 300). There is some evidence of former small glaciers in 
the higher mountains. 

The Quaternary diastrophism excluded the marginal sea from the 
coastal belt, and more or less folded the Cenozoic strata. Much alluvial 
material, carried out of the mountains by streams, has accumulated over 
the coastal belt as a surface deposit, often hundreds of feet thick. 

The islands off the coast of southern California were also separated 
from the mainland by the Quaternary diastrophism. 

Uplifted marine terraces are indicators of recent movements along the 
coast (Fig. 301). 
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Fault System oj Caliioruia. Because the fault system of 

the mountain reiiion of western California is of special interest and 
jieolouic im[)ortance. a brief descri[)ti()n will here be given. Most of 
these faults have developed as part of. or contemporaneously with, the 
Coast Raniie^ Revolution. 



Frc;. 2()(). Cpturned marine Pliijccnc .strata faulted acainst old crystalline rocks 
on the left. The strata, filled with small oyster shells, were deposited in the 
Pliocene northward exlen>ion of the Gulf of California (Fig. 261). Fish Creek 
Mount.iin, western Imperial County, California. 


I'he accompanying map (Eig. 302) shows that southern California is 
a mosaic of fault blocks, the principal known ones only being indicated. 
The profound, master, northwesterly trending San Andreas fault 
traverses the region. Important fault movements occurred through 
much of Cenozoic time, but the greatest activity has been during the 
present (Quaternary) period. Frequent earthquakes make it clear that 
many of the faults are still active. Horizontal as well as vertical move¬ 
ments of earth blocks have taken place along many of the fractures. The 
sum-total of all horizontal shifting along the San Andreas fault is at least 
several miles, and in southern California, possibly as much as 25 miles! 
The great earth block on the seaward side of this fault has been moving 
northwestward. Vertical movements, ranging to a total of 2 miles or 
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Fui. 300. Part of a peneplain surface of Late Tertiary or Kaiiy Quaternary aye 
uplifted to an altitude of 40CO feet and as \et little affected by ero?ion 
Peninsular Ranye northwol t)f Jacumba. Sair Dieyo C'ount\. t alilornia 
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Fic. 302. Sketch map showing the fault system of southern California. Note how the master (San Andreas) fault cuts 

across the whole region. 
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more, have occurred along many of the faults, causing relative uplift of 
mountain blocks along single faults, or between two or more faults, 
hlost of the fractures are essentially vertical, but some of them are steep¬ 
dipping thrust or reverse faults. 

The numerous faults, constituting the system in the general San 
Francisco Bay region, have also been much studied. There, too, the 
Great San Andreas fracture dominates the system including two impor¬ 
tant faults (Hayward and Sunol) trending northwest for many miles as 
branches of the master fault and extending through the hills on the east 
side of San Francisco Bay. Horizontal movements along these large 
faults are the rule, but the main part of the Bay and the Santa Clara 
Valley south of it lie in a relatively depressed block between the San 
Andreas and Hayward faults. A sudden horizontal shift along the San 
Andreas fault, reaching a maximum of 22 feet, caused the great 1906 
earthquake. 

The interested reader can gain a good general idea of the fault system 
in western California by examining the 1938 geologic map of California. 

Klamath Mountains. The Klamath Mountains of southwestern 
Oregon and northwestern California had a pre-Cenozoic history much 
like that of the Sierra Nevada. Their former connection with the latter 
was buried under great accumulations of Tertiary volcanics. 

The mountains formed in late Jurassic time were reduced to a pene¬ 
plain by Late Miocene time; uplifted with warping in the Early Plio¬ 
cene; reduced to low relief again by Late Pliocene time; and generally 
rejuvenated by several thousand feet of uplift in the Early Quaternary, 
thus starting the present cycle of erosion during which the old surface 
has been highly dissected. There were some small Pleistocene glaciers. 

Alaska and Western Canada. The later geologic history of this 
large and complicated Cordilleran region is much less well known than 
that of the western United States. It involved much mountain-making, 
including folding of strata and batholithic intrusion, in later Mesozoic 
time, particularly in the Coastal Range and in the Endicott Mountains 
each of which extend partly through the region; much reduction of the 
region by erosion during the Tertiary; marine invasions of small parts 
of the coastal regions in the Tertiary; vulcanism in the Tertiary; wide¬ 
spread Quaternary elevation to about the present altitude; deep dissec¬ 
tion of the elevated region by erosion; and continued vulcanism to the 
present day, especially in the Alaska Peninsula-Aleutian Islands region. 
Various local changes of level have occurred in later Quaternary time. 
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The numerous glaciers of Alaska, and some in British Columbia, are but 
remnants of the more extensive Pleistocene glaciers. 

Mexico. The later geologic history of Mexico, including Lower 
California, involved mountain-making with folding of strata and batho 
lilhic intrusion.-^, in later Mesozoic time, including strong folding ol 


Kni. \o_\. Paricutin, the new \a)Uan<) 200 miles west of the Citv of Me.\ico. 
l-.ruplions he^'an on cultixated land in February. >94^. This picture shows the 
new cone in eru|)tit)n on November 24. 1943. A fresh lava How in the fore¬ 
ground is covered with \a)lcanic dust. (Photo by courtesy of the Smithsonian 
Institution, \Vashin;'ton. D. C.) 

( retaceous and older strata in the eastern regions; the cutting down 
of the mountains during the Tertiary: tremendous and widespread 
volcanic activity during the Tertiary (Fig. 250): development of the 
Gulf of California in the Early Pliocene (Fig. 261); general Quaternary 
elevation, block-faulting, and erosion: and much vulcanism, bringing 
about present-day conditions. Youngest of all Mexican volcanoes is 
l aricutin which began its history in 1943 (Fig. 303). 
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Climate 

Broadly considered, the climate of most of North America during the 
first one-half of Tertiary time was much warmer, moister, and less vari¬ 
able than it is today as proved by fossil plant and animal records. Ihis 
was, at least in part, because the former high mountains of the western 
Cordilleran region were in such a worn-down condition that warm, 
moisture-laden winds from the Pacific Ocean were free to sweep across 
the relatively low land area. A notable exception was in the very Early 
Tertiary, in the eastern Cordilleran region, where the young, high Rocky 
Mountains stood, and where the climate was distinctly cooler. Thus, it 
is not surprising that very Early Tertiary glacial deposits have been 
found in southwestern Colorado. 

Subtropical to tropical conditions extended as far north as the 
northern boundary of the United States. Tropical marine animals lived 
as far north as Puget Sound. Eocene plants of northern California 
were much like those now growing in the tropical rain forests of Central 
America and Venezuela. 

Viewed in a broad way. the warm to tropical climate of earlier Ter¬ 
tiary time gradually shifted southward as proved not only by the record 
of fossil plants, but also by the migration of tropical marine animals on 
the Pacific Coast from the Puget Sound region southward. This general 
southward shift of warm climate was accentuated, in very Late Tertiary 
time, by widespread uplifts of land in many parts of the continent. 

Over the Great Plains region of the United States the climate was dis¬ 
tinctly moister and milder than now, as indicated by the great deposits 
of lignite which prove the existence of prolific plant life in swamps. 
Fossil figs, palms, and magnolias in the western interior also indicate 

much warmer and moister climate than now. 

During much of Miocene time the climate of the Pacific Coast was 
almost like that of today. On the Atlantic Coast a comparatively cool 
current, apparently from the north, drove out the warm water forms of 

the earlier Tertiary. ^ . 

The Pliocene was in general cooler than the Miocene, in fact, gra 

ually increasing from temperate to sub-Arctic conditions in the waters 
along the California coast. As judged by the plants, the lands ap¬ 
parently had not become so correspondingly cold during the Pliocene. 

The grand climax of Cenozoic cold was reached in the succeeding 
Glacial epoch of the Quaternary period. During the Tee Age there were, 
however, several great ice invasions with intervening, mild-climate, non- 
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glacial stages as proved by kinds of fossil plants found in interglacial 
deposits. As a proof of temperature changes in the sea water during the 
Glacial epoch, mention may be made of a marine deposit with warm- 
water fossils resting upon another with cool-water fossils in southern 
California (Fig. 291). 

The climate of the present (or Recent) epoch is milder than that of 
the last great ice invasion, but it is cooler than that of certain interglacial 
stages. It is possible that we are living in an interglacial stage. 

Economic Products 

.-\ large production of petroleum and natural gas comes from southern 
California where it is obtained mostly from Tertiary strata. It seems 
probable that this petroleum originated from the decomposition of 
countless myriads of diatoms and other organisms in certain of the shales 
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Fig. 304. Structure section across the Los AnRcles Basin in southern California 
showing the location of three anticlinal oil fields. About 15,000 feet of 
Tertiary strata, capped with Quaternary deposits (Qp, Qal), are shown in 
relation to the underlying pre-Tertiary crystalline rocks. (After H. VV. Hoots, 
International Geological Congress Guidebook 15, 1933.) 

which were originally sea muds. Porous sandstones of Miocene and 
Pliocene ages, lying between impervious shale beds, are the most prolific 
sources of the oil. .As usual in the oil fields of the world, anticlinal 
structures are the most common (Fig. 305). However, various other 
geologic structures also are favorable for accumulation of oil. Where 
oil-bearing beds also contain gas under high pressure, the oil may be 
forced out of a well and high into the air. These are so-called “gushers.” 
Many of the wells are from i to 3 miles deep. 

Large quantities of oil have also been obtained from Tertiary beds 
in southeastern Texas and southern Louisiana where oil-bearing strata 
are upturned around large masses or plugs of salt (so-called “salt 
domes”). 

Much oil comes from Tertiary strata in other parts of the world such 
as southern Russia. Venezuela. Persian Gulf region. Roumania, and the 
East Indies. 
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Manv billions of barrels of oil covild l)e obtained b\- di>tillalii3n of 

the so-called oil shale of the Focene (ireen River forinalion in W Noniin*' 

• 

and Colorado, l-ixperitnenlal plants are now producin” Mich oil. 

Lignite (or brown coal) mulerlies thou>ands of s(juare miles of the 
Oulf C'oaslal Plain; the Oreat Plains of the northern I'nited States and 
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Fig. 305. Photograph of a model of an anticlinal oil field typical of those on 

western side of the San Joacjuin \’alle>’, Calitornia. The structure section in 
front shows a thickness of thousands of feet ot lertiars' strata. I wo of the 
three wells have penetrated “oil san<ls” (represented in black). Mo<lel pre¬ 
sented to University of California at Los .Angeles by the Standard Oil Company. 
(Photo by courtesy of Arrow Studio, Los Angeles.) 


southern Canada; and also much smaller areas on the Pacific Coast. 
There are important lignite deposits in Europe, particularly in (lermany. 

Many important gold deposits of California occur in lertiary and 
Quaternary gravels, the former often being capped by lava. I his so- 
called placer gold was derived (by erosion) from the gold-bearing veins 
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P'ic. ,^o6. A ufll flritk-d for oil near the crest of an anticline in Tertiary strata. 
Near Simmter. San LuU OI)i<[)o County, California. (Photo by Wayne Loci.) 


Fk;. ,^07. Oil wells on an anticlinal ridue formed by folding in later Quaternary 
time. Some of the wells are more tlian 2 miles deep. The deeper wells first 
penetrate a few hundred feet of marine Quaternary beds, and then thousands of 
feet of marine Pliocene and Miocene strata which contain several oil-rich hori¬ 


zons. In less than years this famous field has produced about 
barrels of oil Signal Hill, Long Beach. California. (.Aerial photo 

Afrirtl ^iirv * 


700,000,000 

K.. I I Ir? 












ROC'KS AM^ rn\ >h \1 HI- ! ( U<\ Mi Mil ( 1 \( i/m1( 


i ' 1 


alro;ul\ tlocrilu-ii .i" h.ivinu .it tlu- tinu i>i i!u ''uii.i 

Rovi>Unioii. I hi- i.iiiu'ii'. «ii;n>-vn- .it t. tippU- i ink ( ''!<'I .iiI .uul 

at I\>iiai)ah. \f \ a>i.» iiu- ‘j u i |n>'-!t- .n liatu . .M«.uni . alin 
nu‘lallilt“roU'' ikiui .i- xiiii" in oi .uiian-nt i<i I(-iii.ii\ ijiin' .' 

rucks. 

I'iiio pollers ciax-' of Ikiti.iis .ict- on ui .it v.iiiou-H [il.in-. 



Fie. _ioi. A Ijcci Hi ct'.il tumiK i\\>- Siti ihuk in -tf.ii.i Ni.i 

R(h k ,‘^pilnL:'. \\ \ nr.in.: 


Sonu* I'ertiarv buildiiiLi '•tone i" ({uarried on the Ikuilu ('oa-'l. 
I'ertiary diatoniite i" niiiu'd in \arioii'- teition-. particularls in south¬ 
ern C alifornia. It con<i>t'' of the >iliceoii'- te-'t" of '^incle-celled jilanl' 
346). It i-' u-ed in the inaiuiiacluie of poli'-liiiiLi powdei'-. lieat 
insulators, fillerin” nialerial. j)i>rous brick, etc. 

X'aluable phosphate dejxi'^it-' occur in ihe I'erliars linu'stones ol 

Florida. 


I'OKI IC.N Cl NO/OIC 

Eocene. Ju>l after the einer^eiue of niuch of I'airojie at the cIo>e 
of the Me.sozoic. there were certain basin< of depo-^ition "uch as lake", 
estuaries, etc. F.arlv in the h'oeene. howi-ver. a cueal subnieruence "Ct 
in. allowing: marine waters to "j)rea<l o\t‘r a considerable part of we"tern 


432 


HISTORICAL GEOLOGY 


and much of southern Europe. The southeastern British Isles, the 
northern border of France, Belgium, Holland, the northern border of 
Germany, the site of the Pyrenees, Italy, all but the axis of the Alps, 
much of southeastern Europe, and northern Africa were submerged. 
This greatly expanded mediterranean of Europe also extended eastward 
across southwestern Asia, except southern Arabia and southern India, to 
connect with the Indian Ocean through the Bay of Bengal. A narrow 
sound along the eastern side of the Urals connected this mediterranean 
with the .Arctic. In this vastly expanded interior sea true marine de¬ 
position took place, the most characteristic formation being known as 
nummulitic limestone, so called because it is made up chiefly of shells of 
a certain genus (Nummulites) of unusually large foraminifers. Perhaps 
no other formation in the crust of the earth, built up essentially of the 
remains of but one genus of organism, is so widespread and thick, its 
thickness at times reaching several thousand feet. This marine num¬ 
mulitic limestone now occurs at altitudes of 10,000 feet in the Alps, and 
fully 20,000 feet in Tibet. Limestone of this age was quarried for the 
building of Egyptian pyramids. 

Toward the close of the Eocene the Pyrenees Mountains were up¬ 
raised by folding. Moderate orogenic movements took place during later 
Eocene time in the regions of the Alps, Carpathians, and Himalayas, as 
well as in some other mountain areas. The orogenic pressure came 
from the south, that is from the above described expanded mediter¬ 
ranean region. 

Oligocene. The Oligocene is well known in Europe. During that 
epoch a shallow sea transgressed over northern Germany. In many 
places there were lagoons, estuaries, and even basins in which terrestrial 
deposits were formed. Some beds of gypsum, salt, and brown coal 
(lignite) were formed. Oligocene strata are especially well developed 
throughout southern Europe. In Italy, marine deposits of this age have 
an estimated thickness of 12,000 feet. In southern Europe true marine 
conditions prevailed, though continental deposition also occurred. 

There was much igneous activity during this epoch, particularly in 
Bohemia, Ireland, Scotland, Iceland, and in the vicinity of Vienna. 

During Late Oligocene time severe orogenic movements affected 
various regions such as the Alps, Carpathians, Balkans, and Himalayas. 

In the Alps, greatly renewed pressure from the south produced a 
series of recumbent folds overlapping one upon another. 
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Miocene. Viewed in a broad way, the Miocene land and water 
areas of Europe were much as they had been in the Eocene, all but the 
northern coast of Germany again becoming dry land. A remarkable 
formation, worthy of special mention, is an extensive conglomerate 
several thousand feet thick along the northern side of the present Alps. 
Rivers carried this material from the newly formed Alps. This con¬ 
glomerate now notably controls topography, for instance in the vicinity 
of Lucerne in Switzerland. 

The vast Eocene mediterranean across southwestern Asia was not 
continued into the Miocene. Eocene strata, both marine and non¬ 
marine, occur in northern Africa and Syria, but not in the Iranian region. 

The Caucasus Mountains were also upraised not earlier than in Late 
Miocene, since Miocene strata are there found about 7000 feet above 
sea level. 

Volcanic activity occurred in many parts of the world during Miocene 
time. 

Pliocene. The Pliocene opened with comparatively little of Europe 
under marine waters, only a little of southern England, Belgium, the 
northwestern border of Germany, a little of southern France, and much 
of Italy having been submerged. Only in Italy are thick marine deposits 
known where the sediments accumulated to a thickness of from 1000 to 
3000 feet. 

Strong orogenic forces from the south again affected important parts 
of Europe and southern Asia from Late Miocene through Pliocene time. 
Thus the Alps, Carpathians, Balkans, and Himalayas were again sub¬ 
jected to pressure and re-elevated, with renewed northward crowding 
of the recumbent folds and development of thrust-fault blocks. 

Volcanoes were active in many parts of the world during Pliocene 
time, especially in the Mediterranean region. East Indies, and around 
much of the Pacific Ocean. 

In southeastern Europe conditions were favorable for much deposi¬ 
tion of continental material—lake, river, and terrestrial deposits. 

Quaternary. During Late Pliocene and Pleistocene times con¬ 
tinued pressure from the south brought the Alps, Carpathians, and 
Himalayas to their present heights. In the Alps the great recumbent 
folds continued to be stretched, and great thrust-fault blocks or plates 
were pushed northward many miles, giving rise to present-day conditions. 
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Pleistocene ice sheets covered about 2,000,000 square miles of north¬ 
ern Europe (Fig. 345)- 

Europe in the Pleistocene stood generally higher than it does today, 
extending out to about the edge of the present continental shelf. The 
British Isles were connected and in turn joined the continent across the 
North Sea and English Channel regions. Europe and Africa were 
joined by land across the Gibraltar region, and also across the Medi¬ 
terranean region from Italy to Tunis. Post-Glacial subsidence, followed 
by partial re-elevation in the north (e.g., Scandinavia), has brought 
about the conditions of today. 

The later Cenozoic history of the Andes Mountains is much like that 
of the Rocky Mountains. The largely base-leveled region of Late Ter¬ 
tiary time was re-elevated thousands of feet with warping, but with 
little folding. 

In Asia during the Pleistocene “the islands of the Malay Archipelago, 
Borneo, Java, Sumatra, Celebes, the Philippines, as well as Japan, For¬ 
mosa, and the Kuriles, were parts of the mainland, though probably not 
all at the same time. Asia and North America were united where now 
is Bering Sea, and made a broad highway of intercommunication for 
northern animals’’ (\V. B. Scott). 

The great string of active volcanoes now bordering the Pacific Ocean, 
as well as those of the Hawaiian Islands, East Indies, Mediterranean, 
and West Indies, came into existence during Pliocene and Quaternary 
times. 



CHAPTER XXIV 


PLEISTOCENE GLACIATION 
The Fact of the Ice Age 

The Pleistocene epoch was ushered in by the spreading of vast ice 
sheets over much of northern North America and northern Europe. 
This event ranks as one of the niost interesting and remarkable occur¬ 
rences of geological time. On first thought, the existence of such vast 
ice sheets seems unbelievable, but this so-called Ice Age occurred so 
short a time ago that the records of the event are perfectly clear and 

conclusive. 

In 1829 Venetz suggested that glaciers once existed in northern 
Europe. A few years later, Bernhardi (1832) said that glacial boulders 
and moraines showed that glacial ice once extended from the Polar 
region to Germany, but few details were given. However, the real 
pioneer student of the subject was Louis Agassiz who, in 1840. after 
gathering evidence for several years, announced his theory that a vast 
sheet of ice once covered northern Europe. Some years later evidence 
was found that northern North America also had been heavily glaciated. 

For some years the idea was opposed, especially by advocates of the 
so-called iceberg theory. Now, however, no important event of earth 
history is more firmly established and no student of the subject ever 

questions the fact of the Pleistocene Ice .Age. 

Some of the proofs for the former presence of the great ice sheets 

are as follows: (i) Polished and striated rock surfaces which are pre¬ 
cisely like those produced by existing glaciers, and which could not pos¬ 
sibly have been produced by any other agency; (2) glacial boulders or 
“erratics,” which are often somewhat rounded and scratched, and which 
have often been transported many miles from their parent rock ledges; 
(3) true glacial moraines, especially terminal moraines, like that which 
extends the full length of Long Island and marks the southernmost limit 
of the ice sheet there; (4) the generally widespread distribution, over 
most of the glaciated area, of heterogeneous glacial debris (so-called 
“drift”) both unstratified and stratified, which is clearly transported 
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material and typically rests upon the bedrock by sharp contact. In 
regions which have not been glaciated, it is quite the rule to find that 
the underlying fresh rock grades upward through rotten rock into soil. 

Ice Extent and Centers of Accumulation 

The best known existing ice sheets are those of Greenland and 
Antarctica, particularly the former, which covers about 700,000 square 
miles. This glacier is thousands of feet thick, and the ice is known to be 
slowly moving outward in all directions from the interior to the margins 
of Greenland. Along the margins, where melting is more rapid, some 



Fig. 309. Map of North America showing the maximum extent of glaciers during 
the Pleistocene Ice Age. The locations and general directions of movement of 
the great ice sheets are indicated, and regions of local mountain glaciers are 
shown in black. (Modified after U. S. Geological Surv’ey.) 
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land is exposed, but often the ice llows out into the ocean, where it 
breaks off to form large icebergs. 

The accompanj'ing map (Fig. 309) shows the area of nearly 4,000,- 
000 square miles of North America covered by ice at the time of maxi¬ 
mum glaciation, and also the three great centers of accumulation and dis¬ 
persal of the ice. The directions of flow of the ice from these centers 
have been determined by the study of the directions of a very large 
number of glacial striie as well as the direction of transportation of the 
glacial debris. Greenland was also buried under ice during the Pleisto- 



Fig. 310. A very typical outcrop of hard, massive rock whi^ has 

and striated by a preat Pleistocene ice sheet. Thcssalon. Ontario, Canada. 


cene epoch much as it is today. The Arctic Ocean, Bering Sea. and 
Baffin were, during the height of glaciation, covered with floaUng ice. 

Two striking features regarding the distribution of ice were (i) 
the failure of the ice to cover any of Alaska except its high mountain 
regions, though that country is much farther north than most of t e 
glaciated area; and ( 2 ) the failure of anything like continuous ice 
sheets over the high plateaus of the western United States, while the great 
ice sheet spread over much of the low plains area of the upper Mississippi 

The Labradorean and Keewatin ice sheets coalesced ^nd, at Aeir 
maximum extent, reached almost as far south as the mout o e lo 
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River. Recent studies suggest that the Keewatin and Labradorean ice 
sheets were not as definitely marked as formerly believed, and that the 
earlier formed Labradorean sheet slowly shifted westward to the Hudson 
Bay region at which time the two sheets were more like a single body. 
"One of the most marvelous features of the ice dispersion was the great 
extension of the Keewatin sheet from a low Hat center westward and 
southwestward over what is now a semiarid plain, rising in the direction 
in which the ice moved, while the mountain glaciers on the west, where 



Fic. 311. A remarkable record of two glaciations hundreds of millions of years 
apart. Thoroughly consolidated boulder-bearing glacial till of Proterozoic 
(Huronian) age which has been planed off, striated, and polished by a Pleisto¬ 
cene ice sheet. Near Thessalon, Ontario, Canada. (Photo by A. P. Coleman.) 

now known, pushed eastward but little beyond the foothills” (Chamber¬ 
lin and Salisbury). 

The Cordillcran ice sheet appears to have been mostly made up 
of both plateau and typical mountain (Alpine) glaciers. Toward the 
south it extended only a short distance over the mountains of the 
northwestern United States (Fig. 309). 

Newfoundland probably had a local center of glaciation. 

South of the ice sheets above described, the higher mountains of the 
western United States, even as far south as New Mexico, Arizona, and 
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southern California bore glaciers which varied greatly in numbers and 
size {Fig. 309). These were all of the valley or Alpine types (Fig. ^ 12 ). 
Some of the mountain peaks, such as Rainier, Hood, Shasta, and others 
in Rocky Mountain National Park, Big Horn Mountains. Teton Range, 



Fig. 312. A map of Rocky Mountain National Park. Colorado, showing the extent 
of a great system of former (Pleistocene) glaciers (dotted areas). Arrows 
indicate directions of ice flow. Only a few very small remnants of these 
glaciers exist today. Area shown, 19 X 27 miles. AUtJude of Longs Peak, 
14,255 feet. (Modified after W. T. Lee, U. S. Geological Survey.) 

and Sierra Nevada, still have small glaciers. The largest of these are on 
Mt. Rainier where they attain lengths of 4 or 5 miles. Pleistocene 
glaciers were, however, far larger and more numerous in these and other 
mountain regions south of the great ice sheet in the Cordilleran region 

(Fig. 312). 
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Direction of Movement and Depth of Ice 

The fact that glacial ice flows as though it were a viscous substance 
is well known from studies of present-day glaciers in the Alps, Alaska, 
and Greenland. A common assumption, either that the land at the 
center of accumulation must have been thousands of feet higher, or that 
the ice must have been immensely thick, in order to permit flowage so 
far out from the center, is not necessary. For instance, if one proceeds 
to pour viscous tar slowly in one place upon a perfectly smooth, level 
surface, the substance will gradually flow out in all directions, and at 
no time will the tar at the center of accumulation be very much thicker 
than at other places. The movement of the ice from each of the great 
centers was much like this, only in the case of the glacier the piling up 
of snow and ice was by no means confined to the centers of accumulation. 

One of the finest examples of the influence of topography upon the 
direction of movement of the ice is afforded by New York State on 
account of its peculiar relief features (Fig. 313). WTien the last Lab¬ 
radorean ice sheet spread southward as far as northern New York, the 
Adirondack Mountains stood out as a considerable obstacle in the path 
of the moving ice, and the tendency was for the current to divide into 
two portions, one of which passed southwestward up the low, broad St. 
Lawrence Valley, and the other due southward through the deep, nar¬ 
row Champlain Valley. As the ice kept crowding from the rear, part 
of the St. Lawrence ice lobe pushed into the Ontario basin. As the 
Ontario lobe increased in size it sent a branch lobe eastward into the 
Mohawk Valley. At the same time the Champlain ice lobe found its 
way into the upper Hudson Valley, and sent a branch lobe westward up 
the broad, low Mohawk Valley. The two Mohawk lobes, the one 
from the west and the other from the east, met in the midst of the 
Mohawk Valley. As the ice sheet continued to push southward, all the 
lowlands of northern New York were filled; a tongue or lobe was sent 
down the Hudson Valley; and finally the whole state, except slight por¬ 
tions of the southern border, was buried under the ice. The general 
direction of flow at this time of maximum glaciation was southward to 
southwestward, with perhaps some undercurrents determined by the 
larger topographic features. Thus we learn that the major relief fea¬ 
tures of the state very largely determined the direction of ice currents, 
except at the time of maximum glaciation, when only the undercurrents 
were controlled. These ideas are abundantly borne out by the distribu¬ 
tion of glacial striae and boulders over the state. 
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Evidences of glaciation, such as strite, boulders, lakes, etc., occur 
high up in the .■Xdirondacks, the Catskills, the Green and the White 
Mountains, and the Berkshire Hills, so that the greatest depth of ice over 
New York and New England could not have been less than i or 2 miles. 
In fact we hav'e every reason to believe that all of the mountains named 



Fir III Mans showing the influence of the topography upon the movement (or 
fl^wage^ oTthe Labfadorean ice sheet across New York State. Note the strong 
directfvc control of the Adirondack highland region. When nearly a 1 of the 
state was covered, the general movement of at least the upper part of 
glacier was southward to southwestward as indicated by the arrows. 


were completely buried. The reader may wonder how the ice over a 
mile thick in northern New York could have thinned out to disappear¬ 
ance at or near the southern border of the state, but observations on 
existing glaciers show that it is quite the habit of extensive ice bodies to 
thin out very rapidly near the margins, thus producing steep slopes along 

the ice fronts. 
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There is little reason to doubt that the vast ice sheet over the upper 
^lississippi Valley was also thousands of feet thick. The positions of 
the moraines there clearly prove that the ice front was more or less dis¬ 
tinctly lobate. 

Successive Ice Invasions 

The front of the great ice sheet, like that of ordinary valley glaciers, 
must have shown many advances and retreats. In the northern Missis¬ 
sippi Valley, however, we have positive proof of several important ad¬ 
vances and retreats of the ice which gave rise to true interglacial stages. 
The strongest evidence is the presence of successive layers of glacial de¬ 
bris, a given layer often having been oxidized, eroded, and covered with 
vegetation before the next (overlying) layer was deposited (see Fig. 314). 
In drilling wells through the glacial deposits of Iowa, for example, two 
distinct layers of vegetation are often encountered at depths of from 100 
to 200 feet. Near Toronto, Canada, plants which actually belong much 
farther south in a warm climate have been found between two layers of 
glacial debris. Thus we know that some, at least, of the ice retreats 
produced interglacial stages with warmer climate and were sufficient 
greatly to reduce the size of the continental ice sheet or possibly to cause 
its entire disappearance. 

By applying the principles just laid down, at least four advances and 
retreats of the ice, with distinct interglacial intervals, have been recog¬ 
nized in North America as follows: 


Period 

(System) 

Epoch 

(Secies) 

A^e 

(Sta^e) 

**Epochs'* after 
Kay & Leiahton 


Recent 

Post-Glacial 



0 

/ Mankato 

Wisconsin (glacial) 1 Cary 
(Peorian loess) | Tacewell 

^ Iowan 

Eldoraix 

S 

9 

0 

.S3 

Sangramon (inter^laciai) 

Illinoian (alacial) 

Ccntralian 

<y 

0 

s 

Yarmouth (interalacial) 

Kansan ( alacial) 

Ottumwan 

1 


1 

Aftonian (Interglacial) 
Nebraskan falacial) 

Grandian 


The various glacial and interglacial deposits are by no means every¬ 
where always present, first, because, in many places, older deposits were 
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Fig. 314. Diagrammatic structure section showing relationships of the main 
divisions and subdivisions of the Pleistocer.e deposits in the Mississippi \ alley. 
(After G. F. Kay.) 


eroded away before younger deposits were laid down, and, second, be¬ 
cause the various ice sheets differed considerably in regard to the areas 
they covered, especially within a few hundred miles of the southern limit 
of glaciation. Thus in Figure 314 the Centralian deposits are seen to 
be missing between the Eldoran and Ottumwan over a large region. 

In New York and New England no very positive evidence has as yet 
been found to prove truly multiple glaciation, though some phenomena 




Fic. 315. An excellent exposure of four beds of glacial and interglacial deposits in a 
railroad cut. Bottom bed (A). Kansan till; next above (B), Kansan gumbotill; 
next higher (C). Peorian loess; top bed (D), Wisconsin till. Near Rhodes, 
Iowa. (After W. C. Alden, U. S. Geological Survey.) 
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as, for example, certain buried gorges, are difficult to account for except 
on the basis of more than one advance and retreat of the ice. At any 
rate, there appears to be no positive evidence that there were more than 
two advances and retreats of the ice over this region. 

For our purpose in considering only the general movements and effects 
of the great ice sheets, we may practically disregard the problem of 
multiple glaciation, because the final effects would have been essentially 
the same as a result of a single great glacial advance and retreat. 

Recent studies have shown that multiple glaciation also occurred in 
the mountains of the west (Cordilleran region), beyond the limits of the 
vast ice sheets, during the Ice Age. Thus, in the Sierra Nevada Moun¬ 
tains of California, valley glaciers came and went three (and probably 
four) times, as indicated by several glacial deposits of distinctly different 
ages. These glacial stages very likely correlate with stages of the great 
ice sheets. 


The Driftless Areas 

In southwestern Wisconsin, and extending a little into adjoining 
states, there is a non-glaciated area of about 10,000 square miles which 



Fic. 316. A large outcrop of sandstone in the driftless area of Wisconsin, near 
Camp Douglas. The bold, rugged outlines of this mass could not possibly 
have withstood the passage of an ice sheet. 
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lies several hundred miles north of the southern limit of the ice sheets 
(see Fig. 309). This is called the “driftless area,” because of the utter 
absence of glacial debris or any other evidence of glaciation within its 
boundary. In spite of several ice invasions on all sides, this small area 
was never ice covered. Residual soils and rotten rock are widespread. 
there are no lakes; and the streams are mostly graded and without water¬ 
falls or rapids. There are also numerous large outcrops of sandstone 
whose bold rugged outlines could not possibly have withstood the 
passage of an ice sheet (Fig. 316). This small region, therefore, gives 
an excellent idea of the kind of topography which the whole upper 
Mississippi Valley would have shown had it not been for the glaciation. 
At no time did the Labradorean ice sheet spread far enough southwest- 
ward to cover this driftless area. The highland district just south of 
Lake Superior doubtless served to deflect and weaken the flow of the 
Labradorean ice which otherwise might have spread far enough to have 
covered the area. The broad low basins of Lakes Superior and Michigan 

also made the glacier-deflection easier. 

The probable explanation of the extensive driftless areas in Alaska 

is that, in spite of the low temperatures which must have prevailed, there 

was insufficient snow for conversion into glacial ice. 

Ice Erosion 

Ice, like flowing water, has very little erosive effect unless it is prop¬ 
erly supplied with tools. When flowing ice is shod with hard rock 
fragments the power to erode is often pronounced, because the work of 
abrasion is mostly accomplished by the rock fragments embedded in the 
ice rather than by the soft ice itself. For instance, when the great ice 
lobe moved up the St. Lawrence Valley (Fig. 3*3) it was shod with 
many pieces of hard pre-Cambrian rocks, and the effects of erosion are 
remarkably well shown in the Thousand Islands region, where succes¬ 
sions of great groves cut in the solid rock may often be seen. little 
search will reveal polished and scratched or grooved rock surfaces in 
almost any part of the glaciated region of the continent (Fig. 3 jo). 
Hard rock ledges most frequently exhibit glacial marks, and the fresh¬ 
ness and hardness of such surface rock proves that the ice eroded all of 
the deep residual soil as well as the zone of rotten rock, and an unknown 

amount of live or fresh rock (Fig, 311). n • 

In former years a very great erosive power was ascribed to flowing 

ice, but today some glacialists consider ice erosion to be almost negligible, 

while many other maintain that, under favorable conditions, flowing ice 
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may produce very notable erosive effects. During the long pre-Glacial 
time, rock decomposition must have progressed so far that rotten rock, 
including soils, had accumulated to considerable depths, as today in the 
southern states. Such soils are called ^‘residual,” because they are de¬ 
rived by the decomposition of the very rocks on which they rest. But 
now one rarely sees rotten rock or soil in its original position well within 
the glaciated area, because such materials were nearly all scoured off by 
the passage of the great ice sheet, mixed with other soils and ground up 
rock fragments, and deposited elsewhere. Such are called transported 
soils. Along the southern side of the glaciated area, where the erosive 



Fig. 317. Sketches showing how the Yosemite Valley, California, region appeared 
just before and after glaciation. A deep stream-cut canyon, with a conspicuous 
inner gorge, was changed into a profound U-shaped trough by glacial erosion. 
Lake Yosemite has since been filled with sediment. Ec, El Capitan; KC, 
Yosemite Creek; A'D, North Dome; HD, Half Dome; G, Glacier Point; CR, 
Cathedral Rocks; BV, Bridalveil Creek; and MR, Merced River. (After F. E. 
Matthes, U. S. Geological Survey.) 


power of the ice was least, rotten rock is more common. Ice, shod with 
hard rock fragments and flowing through a deep, comparatively narrow 
valley of soft rock, is especially powerful as an erosive agent, because 
the tools are supplied, the work to be done is easy, and the increased 
depth of the ice where crowded into a deep, narrow valley causes greater 
pressure on the bottom and sides of the channel. Alany of the valleys 
of northern New York were thus favorably situated for ice erosion, as, 
for example, the Champlain, St. Lawrence. Black River, Finger Lakes 
valleys. The weak or soft strata on the western side of the Black River 
Valley were cut back somewhat, and the Finger Lakes valleys in soft 
shales were considerably deepened. 
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If glacial ice moves through a deep, steep-sided valley the sides and 
bottom of which are hard, but highly jointed rock, the glacier may re¬ 
move considerable quantities of the rock by plucking or quarrying of 
joint blocks, particularly toward the bottom of the ice where pressure is 
greatest. 

However, under conditions as favorable as those mentioned, ice 
erosion seldom seems to have done any more than to modify the profiles 
of pre-Glacial valleys. 

It is also a singular fact that glacial deposits left by one ice sheet 
may actually have been overridden by a later advance of ice with little 
erosion of even such soft material. This probably happened only near 
the margin, where the ice was rather thin and hence did not have much 
erosive power. 

In conclusion we may say that while many comparatively small, 
local features were produced by ice-sheet erosion, the major topographic 
features of the great glaciated area were practically unaffected by the 
abrasive effects of the passing ice sheets. 

Local mountain glaciers often produced notable effects in canyons 
beyond the limits of the great ice sheets, changing their profiles from 
V-shape to U-shape. There are many excellent examples in Glacier 
National Park, Rocky Mountain National Park, and in the Cascade- 
Sierra Nevada Ranges. An exceptionally fine case in point is Yosemite 
Valley, California (Fig. 318). Just before the Ice Age there was a 
stream-cut canyon several thousand feet deep with a prominent inner 
gorge (Fig. 317, left). Several times during the Ice Age streams of ice 
(one of them very large) flowed through the canyon. Some of the 
principal factors favoring glacial erosion were as follows: the great 
thicknesses of the glaciers (one of them several thousand feet), causing 
high pressure at the bottom and lower sides; the large number of 
fragments of hard (granite) rocks with which the glaciers were shod, thus 
facilitating the work of corrasion: and the existence of numerous, promi¬ 
nent, vertical joints in the granite, thus allowing the plucking action of 
the glaciers to be very effective in removing extensive joint slabs one 
after the other from the valley sides. When the last glacier disap¬ 
peared the great nearly vertical joint faces were left much as we see 
them today. The lofty waterfalls, including Upper Yosemite Fall (1430 
feet high), were formed where post-Glacial streams plunged over the 
vertical walls. Glacial debris, in the form of a terminal moraine, so 
blockaded the drainage at the western end of the valley that a lake 
several hundred feet deep occupied the valley after the ice melted away. 




Fk;. ,u 8. Looking eastward through Voscmite \’allcy. California. A glacier several 
thous^and feet thick once moved through this valley. El Capitan, rising 3604 
feet above the valley floor, on the left; Cathedral Rocks and Bridalveil Falls on 
the right; and Half Dome (altitude SK54 feet) in the middle distance. 


The lake was then filled with sediment, and thus the fiat, alluviated floor 
of the present-day valley came into existence. Figure 317 should be 
studied in connection with the statements just made. 

Glacial Deposits 

The vast amount of debris transported by a great ice sheet was 
carried either on its surface, frozen within it, or pushed along beneath 
it. It was heterogeneous material ranging from the finest clay, through 
sand and gravel, to boulders of many tons’ weight. The deposition of 
these materials took place during both the advance and retreat of the 
ice, but chiefly during its retreat. Most of the deposits made during 
the last ice advance were obliterated by ice erosion, while those formed 
at the time of the retreat have been left intact except for the small 
amount of post-Glacial erosion and weathering. The term “drift,” 
now applied to all deposits directly or indirectly of glacial origin, was 
given at a time when they were regarded as flood or iceberg deposits. 
Drift covers practically all of the glaciated region except where bare 
rock is actually exposed, and its thickness is very variable, ranging from 
nothing to some hundreds of feet. 
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Fig.T i?. A typical example of the great terminal moraine ‘“‘’f 

SuLx County, New Jersey. (After G. W. Stose, U. S. Geological Surrey.) 

The ice sheet could advance only when the rate of motion was 
greater than the rate of melting of the ice front, and vice versa in case 
of retreat. Thus it is true, though seemingly paradoxical, to assert t a 
the ice was constantly flowing southward even while the ice front was 
retreating northward. Whenever, during the great general retreat, the 
ice front remained stationary because the forward mot.on was just 
counterbalanced by the melting, all the ice reaching the margin of the 
glacier dropped its load to build up a terminal morame. Such a moraine 
is a more or less distinct ridge of low hills and depressions consistm of 
very heterogeneous and generally unstratified debrjs though at ‘im 
waters emerging from the ice caused stratification. The 
usually called kettle holes. The so-called great terminal 
the southernmost limit of the ice sheet, and is wonderfully > ^^own by 
the ridge of low, irregular hills extending the whole length of Lon 
Island. It is also more or less clearly traceable across the United State 
where it marks the southernmost limit of glaciation (Fig. 319)- 
nal moraines farther northward are generally not so long ^arply 
defined, though many have been located and described. These are either 

terminal moraines found at the southernmost limits of ice 
did not extend as far south as earlier sheets, or 

formed during each considerable pause of a waning or northward retreat- 

ing ice sheet. , , . 

When the ice front paused for a considerable time upon a rather 

fiat surface, the debris-laden streams emerging from ^ 
what is called an overwash plain by depositing layers of sediment over 
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the flat surface. An excellent illustration of such an overwash plain is 
all of that part of Long Island lying just south of the great terminal 
moraine, and known as the Jamaica plain toward the west. 

When the ice front extended across a more rugged country, with 
valleys sloping away from the ice, the large glacial streams, heavy-laden 
with debris, caused more or less deposition of material on the valley 
bottoms, often for many miles beyond the ice front. Such deposits, 
known as valley trains, are especially well developed along many of the 
larger south-flowing streams of the glaciated area. 



Fic. 320. A remarkably balanced boulder 8 feet high on top of a mountain 2600 
feet above sea level and 1000 feet above adjacent valleys. Five miles north¬ 
west of Garnet, Adirondack Mountains. New York. 

Glacial boulders {^erratics') have already been referred to. They are 
simply blocks of rock or boulders from the top of the ice or within it 
which have been left strewn over the country as a result of the melting 
of the ice (Fig. 322). They vary in size from small pebbles to those 
of many tons’ weight, and are naturally most commonly derived from 
the harder and more resistant rock formations. Thus erratics from the 
Adirondack iVIountains are very numerous from central to southern 
New York. Erratics are often found high up on the mountains, where 
they have sometimes been left stranded in remarkably balanced positions 
(Fig. 320). 
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A very extensive glacial deposit, called the ground moraine, is simply 
the heterogeneous, typically unstratified debris from the bottom of the 
ice which was deposited, sometimes during the ice advance, but most 
often during its melting and retreat. When it is mostly very fme mate¬ 
rial with pebbles or boulders scattered through its mass, it is known as 
till or boulder clav (Fig. 324)- The pebbles or boulders of the till 
are commonly faceted and striated as a result of having been rubbed 




3... An unusually lame facial boulder ab-t «Jeet hish^ 

The composition of the boulder, and th > | The boulder 

mX, Adirondack Moun- 


tains, New York. 


against underlying rock formations (Fig. 323). In J . 

term till includes all unstratified, ice-laid deposits^ wate s 

posits are more or less stratified, and they are deposited by wate 

The upper part of a glacial till, where the finer materials have been 
weathered to a dark, sticky gumbo or clayey substance, is called gum- 
botil. The dark color is caused by decomposing organic 
A type of glacial deposit of unusual interest is the 
in reality only a special form of ground moraine material. The typica 
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Fio. ,^22. A field strewn with placial boulders, in this case consistinjz of cranite. 
Four miles south of West Warren. Massachusetts. (.After W. C. Alden, U. S. 
Geological Survey.) 


drumlins of western New York, Wisconsin, and western Massachusetts 
are low, rounded mounds of till with elliptical bases and steeper slopes on 
the north sides. Their Ion" axes are parallel to what was the direc¬ 
tion of ice movement (see Fig. 327). In height they rarely exceed 200 
feet, being most often less than 100 feet. The origin of the drumlins 
has not yet been satisfactorily determined, though it is known that they 
formed near the margin of the ice either by the erosion of an earlier 


r* 



Fro. 323. .A faceted, polished, and striated slacial boulder from Pennsylvania. 

(Photo b\- Harden, S. C^eoloirica! Survey.) 
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Fig. 324. 


An exposure of unstratificd placial drift or till containing many boulders 
Fifteen miles east of North Bay, Ontario, Canada. 



Fic. 3^5. Part of the glacial-drift plain left by the last “tle"Iffe"^^^^^^ 
near West Bend in northwestern Iowa. It has been very little affected by 

erosion. (Alter Icwa (leological Survey.) 
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drift layer or by accumulation beneath the ice under peculiarly favorable 
conditions, as perhaps along longitudinal crevasses or fissures. Two of 
the finest and most extensive exhibitions of drumlins in the world are in 
New York, between Syracuse and Rochester, and in eastern Wisconsin, 
where thousands of them rise above the general level of the plains and 
give rise to a unique topography. 

Another type of glacial deposit in the low hill form is the kame, 
which, in contrast with the drumlin, always consists of stratified drift. 
Karnes are seldom as much as 200 feet high, and typically they have 
nearly circular bases, though frequently they are of very irregular shapes. 


Fic 326. A region showing glacial drift left by an older (Kansan) ice sheet and 
since then stream-dissected into a hilly country. Washington County, Iowa. 
(After Iowa Geological Survey.) 

At times they exist as isolated hills or in small groups (Fig. 328), while 
often they are associated with the unstratified deposits of the moraines. 
When grouped, deep depressions occur between the hills to form what is 
called the knob and kettle structure. Karnes were formed at or near the 
margin of the retreating ice, and so are found in all parts of the glaciated 
area, but more especially where there is considerable relief, as in New 
York and New England. They most generally are located in valley 
bottoms, but sometimes on hillsides or even hilltops. They are espe¬ 
cially abundant along the line of the great terminal moraine (e.g., Long 
Island) and along the lines of the more important recessional moraines. 
They were formed as deposits by debris-laden streams emerging from the 





Fic. 327. A typical drumlin (side view) in western New York. (After H. L. 

Fairchild.) 

margin of the ice, the water sometimes having risen like great fountains 
because of pressure. Such deposits are now actually in-process of forma¬ 
tion along the edge of the great Malaspina glacier of Alaska. 

Eskers are relatively long, low, winding ridges consisting mainly of 
stratified glacial material (Fig. 329). They are seldom more than a 
mile long and 75 or 100 feet high. They were formed in streams, over¬ 
loaded with glacial debris, either in channels on glaciers, or in tunnels 
beneath the ice. 

During the ice retreat glacial lakes were numerous, particularly 
where the north-sloping valleys were dammed by the ice, thus ponding 



Fio. 328. A kame in Washington County, Wisconsin. (After W- C. Alden, U. S. 

Geological Survey.) 
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the waters in the valleys. Some materials were directly deposited from 
the glacier in those lakes, but more was brought in by debris-laden 
streams flowing from the land already freed from the ice. Such glacial 
lakes and their deposits were common and of unusual interest, but they 
will be described under a subsequent heading. 



Fic. 320. Part of an csker near Schroon Lake, Adirondack Mountains, New York. 


In conclusion we may say that the deposition of glacial materials, like 
glacial erosion, has not changed the major topographic features of the 
glaciated region except where surfaces were nearly featureless to begin 
with. The general tendency of ice deposits has been to fill, or partially 
fill, depressions and thus to diminish the ruggedness of the topography. 

The Loess Deposits 

Loess deposits are widespread over much of the region from eastern 
Nebraska, across Iowa, Illinois, and Indiana. Its distribution is rather 
largely independent of topography. Typically it is a soft, buff to yel¬ 
lowish-brown, very fine grained, sandy clay which seldom shows signs of 
stratification. Its thickness usually varies from 10 to 100 feet. Where 
eroded or cut into, the loess exhibits a remarkable tendency to stand in 
perpendicular cliffs, sometimes with suggestions of a sort of columnar 
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structure. It was once known as the Bluff formation. Most of it is 
now known as the Peorian loess (Fig. 330). It is remarkably free from 
coarse materials, except for certain carbonate of lime and oxide of 
iron concretions and fossils, the latter being chielly shells of land gas¬ 
tropods. Most of the loess was deposited during an early Wisconsin 
sub-stage, because it rests upon the eroded and weathered surfaces of 



Fig. 330. An exposure of loess of interglacial (Peorian) age showing a crude 
columnar structure. Missouri X'alley, Iowa. (.After W. C. Alden, U. S, Geo¬ 
logical Survey.) 


older glacial deposits, including those of the Iowan sub-stage, and often 

passes under later Wisconsin deposits (Fig. 314)- 

The question as to whether the loess was of aqueous or eolian origin 
has long been discussed. ‘Tn part the loess seems to have been washed 
from glacial waste and spread in sluggish glacial waters, and in part to 
have been distributed by the wind from plains of aggrading glacial 
streams” (W. H. Norton). 

Great Lakes History 

The Great Lakes certainly did not exist before the Ice Age, but in¬ 
stead the depressions in that region were occupied by streams. During 
the very long erosion period from the Paleozoic to the Cenozoic, no 
lakes of any consequence could have persisted. Compared with such an 
immense length of time lakes are, at most, only ephemeral features of 
the earth’s surface because they are soon destroyed either by being filled 
with sediments, or by having their outlets cut do^vn, or both. Since the 
Great Lakes are of post-Glacial origin it is, then, proper to ask how 
they came into existence. During pre-Glacial time broad valleys were 
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cut out along belts of weak rock in the Great Lakes region, and these old 
valleys, to a considerable extent at least, account for the present de¬ 
pressions, but not for the closed lake basins. This idea of pre-Glacial 
stream valleys is not at all opposed by the fact that some of the lake 
bottoms are now well below sea level, because there have been notable 
subsidence of the region since pre-Glacial time and some deepening by 
ice erosion during the Ice Age. The surface of Lake Erie is 573 feet, 
and its deepest point 369 feet, above sea level, while the surface of Lake 
Ontario is 247 feet above, and its deepest point is 491 feet below, 
sea level. The greatest depth (738 feet) of Lake Ontario is well toward 
the east end not far from the south shore, and if we consider this deep 
place as due to pre-Glacial erosion, we ought to find an outlet channel. 
But no such outlet channel exists because the whole east end, at least, 
of the lake is rock-rimmed. As Tarr has said: “There could hardly 
be a valley over 700 feet deep and broad enough to form the continua¬ 
tion of the pre-Glacial Ontario Valley, which is so completely ob¬ 
scured by drift that not the least trace of it has been found on the 
surface.” To assume that this deep part of the basin was formed by 
warping of the land is not borne out by examining the exposed strata 
on all sides. It therefore seems quite certain that the pre-Glacial On¬ 
tario depression was considerably deepened by ice erosion. The condi¬ 
tions were very favorable for such erosion because the rocks were chiefly 
soft Ordovician shales; because the ice flowed through a deep pre-Glacial 
valley; and because there was an unusual crowding of the ice into this 
valley due to pronounced deflection of a great ice current around the 
Adirondacks on the west side. Strong arguments might be adduced to 
show that by ice erosion portions, at least, of all the lake basins were 
appreciably deepened. Even so, however, we have not yet accounted for 
the present closed basins. Probably the two most important phenomena 
which have contributed to the formation of the closed basins of the 
Great Lakes are (i) the great drift accumulations along the south side 
and (2) the tilting of the land downward on the north side of the 
region. The deep drift deposits must certainly have been very effective 
in damming up the south or southwest-flowing pre-Glacial streams of the 
region. A great dumping ground of ice-transported materials from the 
north was in general along the southern side of the Great Lakes and 
southward. Late in the Ice Age the land on the northern side of 
the Great Lakes region was lower than it is today, as proved by the 
tilted position of certain well-known beaches of extinct lakes (see 
below). Such a differential tilting or warping of the land must have 
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helped to form the closed basins by tending to stop the southward or 
southwestward drainage from the region. To summarize, we may say 
that the present Great Lakes basins resulted from a combination of 
factors, the more important of which were: (i) the formation of pre- 
Glacial valleys by stream erosion; (2) a more or less deepening of these 
valleys by ice erosion; (3) the great accumulation of glacial debris along 
the southern side of the Great Lakes district: and (4) the tilting of the 
land relatively downward toward the north during the Ice Age. 

We are now ready to trace out the principal stages in the history of 



Fig. 331. First stage in the history of the Great Lakes. Note the small ice-front 
lakes (Maumee and Chicago), (.^fter U. S. Geological Survey.) 


the Great Lakes region during the final retreat of the great ice sheet. 
When the ice front had receded far enough northward to uncover the 
southern end of Lake Michigan, and an area west of the present end of 
Lake Erie, small lakes were formed against the ice walls (see Fig. 33 ^)* 
The first of these has been called Lake Chicago, which drained past 
Chicago through the Illinois River and into the Mississippi; and the 
second. Lake Maumee, which drained southwestward past Fort Wayne 
through the Wabash River and thence into the Ohio and Mississippi. 

At a later stage the conditions shown on map Figure 332 existed. 
Lake Chicago was then larger, and Lake Maumee had expanded into the 
extensive Lake Whittlesey, which covered nearly all of the area of Lake 
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Fic. 3,^2. Lake Whittlesey stage of the Great Lakes history, when the eastern and 
western ice-margin lakes combined with outlet past Chicago. (Redrawn after 
Taylor and Leverett.) 

Erie as well as some of the surrounding country. Lake Whittlesey was 
at a lower level than the former Maumee, and the outlet past Fort 
Wayne ceased, but the drainage from W'hittlesey was westward by a 
large river flowing through small Lake Saginaw and into Lake Chicago, 
which latter still emptied through the Illinois River. 

At a still later stage (Fig. 333) Lake Saginaw merged with the waters 
of the Erie Basin to form the large Lake \^'arren which extended 



Fig. 333. Glacial Lake Warren. At this stage the discharge of the lake was still 
westward to Lake Chicago, while the eastern end of the lake covered most ot 
the Finger Lakes region of New York. (Redrawn after Taylor and Leverett.) 
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along the ice front eastward nearly to central New York. As the map 
clearly shows, the Finger Lakes Basins of New York were then 
occupied by Warren waters, while Niagara Falls were not then in ex¬ 
istence, because that region was also covered by Lake Warren. Lake 
Warren continued to discharge westward until a very late stage followed 
by the Lake Lundy level (see Fig. 334), when the waters worked their 
way along the border of the Ontario ice lobe into the Mohawk Valley 
of New York, and then southward through the Hudson Valley. Thus, 
for the first time, some drainage from the Great Lakes region passed 
eastward into the Atlantic Ocean. This great volume of water draining 
eastward, between Buffalo and the Mohawk Valley, was often in the 
form of distinct streams with the ice front for north wall and the 
high land of the Helderberg escarpment for wall on the south. Many 
of these glacial stream channels, often high up on the hills of central to 
western New York, are still plainly visible. Correlatives of Lake 
Lundy were the now enlarged Glacial Lakes Chicago and Duluth, each 
with an outlet into the Mississippi River (Fig. 334)- 

By successive stages, due to complete removal of ice from central 
New York, the waters fell below the Warren-Lundy levels and Lake Iro¬ 
quois was formed (see Fig. 335)- The old beach line of this lake is still 
plainly visible in New York. Lake Iroquois covered somewhat more 
than the present area of Lake Ontario, and the distinctly lower water 
level here than in the Erie Basin allowed the modern Niagara River to 
begin its history by flowing northward over the limestone plain near 
Buffalo. Meantime the waters of the upper lake basins had merged to 
form Lake Algonquin, which at first probably discharged past Detroit 
through the Erie Basin and into Lake Iroquois by way of Niagara River, 
Later, however, when the ice had withdrawn a little farther northward, a 
lower outlet was formed through the Trent River by which Lake Al¬ 
gonquin drained into Lake Iroquois (Fig, 335)- The old Irent River 
channel is now higher than the Detroit outlet, but some of the proofs for 
the former Trent outlet are as follows: (i) The presence there of a large, 
distinct river channel; (2) the convergence of the beaches toward that 
channel; and (3) the fact that the land was then considerably lower on 
the north or northeast side of Lakes Ontario and Erie than on the 
south side. For example, in following the old Iroquois beach we find 
that it gradually rises to higher levels until it is several hundred feet 
higher at the northeast than near the mouth of Niagara River. This tilt¬ 
ing of the beach has been due to warping of the land since the lake 
existed, and it is evident therefore that during the .Mgonquin-Iroquois 



462 


HISTORICAL GEOLOGY 



Fic. 334. Glacial Lakes Duluth, Chicago and Lundy. Note the drainage of the western lakes into the Mississippi River, and 
the eastern lakes into the Hudson Valley. (After Taylor and LeveretL courtesy of The Smithsonian Institution.) 
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stage the Trent River channel was lower than that past Detroit. During 
the Algonquin-Iroquois stage the waters of all the Great Lakes region dis¬ 
charged through the Mohawk-Hudson valleys, and the volume of water 
which flowed through the ^Mohawk Valley must have been as great as, 
if not greater than, that which now goes over Niagara Falls. This river 
cut a gorge several hundred feet deep at Little Falls in the Mohawk 
Valley. During this time the St. Lawrence V'alley was still buried under 

ice (Fig. 335). 



Fig. 335- The Alponquin-Iroquois stape of the Great Lakes, with outlet ‘hrouph 
the Mohawk-Hudscn Valleys of New York. (After Taylor, courtesy of the 

New York State Museum.) 


Still later the ice withdrew enough to allow the Algonquin-Iroquois 
waters to discharge along the northern base of the Adirondacks and into 
what appears to have been ice-ponded waters in the Champ am asm, 
and thence into the Hudson Valley. The Mohawk Valley outlet was 

thus abandoned. ^ .. ,, 

Finally the ice withdrew far enough to free the St. Lawrence Valley 

when the waters of the Great Lakes region dropped to a stdl lower level, 

bringing about the Nipissing Great Lakes stage ("^e Fig. 336). 

The Nipissing Lakes found a low outlet through the Ottawa R.ver 

(then free of ice) and into the Champlain arm of the sea. Later 




Fic. 336. The Nipissing Great Lakes and their correlatives. The oblique-lined area on the east was occupied by tide¬ 
water (Champlam sea), but recent studies indicate that its waters did not extend south into the Hudson Valley. 
(After Taylor and Leverett, courtesy of The Smithsonian Institution.) 
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warping of the land brought the Cireat Lakes region into the preseiu 
condition, but this, and the Champlain subsiilence. being really [lost- 
Glacial features, have already been explained in the discussion of ihi* 
Cenozoic history of the Eastern Highlands region. 

Other Existing Lakes and riiEiR Origin 

Counting all, from the smallest to the largest, there are within the 
glaciated area of North America tens of thousands of lakes, and these 



Fig. 337 . An example of a glacial lake occupying part of a former river valley. It 
is a remnant of a once much longer glacial lake. Schroon I.akc. Adirondack 
Mountains, New York. 


constitute one of the most striking differences between the geography of 
the present and that of pre-Glacial time. These lakes are widely scat¬ 
tered, though in the United States they are most abundant in the regions 
of greater relief, such as Maine, New Hampshire, New York, and Min¬ 
nesota, because lake basins were more readily formed by drift dams 
across the deeper pre-Glacial valleys of those regions (Fig. 337 )* 

It is well-known that most of the larger lakes, especially those of 
the linear type, occupy portions of pre-Glacial stream channels. All the 
existing lakes are due, either directly or indirectly, to glacial action. 
Among the ways by which such bodies of water may be formed are these. 
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(i) by building dams of glacial drift across old river channels; (2) by 
ice erosion; and (3) by accumulation of water in the numerous depres¬ 
sions which were formed by irregular deposition of the drift (kettle-holes, 
etc.). Hundreds of small lakes, often not more than mere pools in size, 
belong to the last-named type, while very many of the large and small 
lakes are due chiefly to the existence of drift dams. Certain lakes in 
southeastern Canada and elsewhere appear to occupy rock basins scoured 
out by ice erosion. 

In considering the origin of glacial lakes, the so-called Finger Lakes 
of central-western New York deserve special mention. All are agreed 
that the lakes of this remarkable group occupy pre-Glacial valleys, most 
or all of which contained north-flowing streams. These lakes have dams 
of glacial drift across their lower (north) ends, and the dams have been 
important factors in the formation of the lakes, being in some cases 
perhaps the sole cause. But in the cases of the two largest lakes— 
Seneca and Cayuga—there is strong evidence, from the hanging valley 
character of the tributaries, that the pre-Glacial valleys were notably 
deepened by ice erosion. 

The presence of Lake Champlain is due principally to a combination 
of factors, including late elevation of the land, with greater uplift on 
the north; heavy glacial accumulations toward the north; and possibly 
some deepening as a result of ice erosion. 

In the basin of Lake George there was a pre-Glacial divide where 
the “Narrows” are now located, and this divide appears to have been 
considerably lowered by ice erosion when part of the Champlain ice lobe 
ploughed its way through the deep narrow valley. The waters are now 
held in by a drift dam at each end. 

Well within the glaciated region of the interior of the continent the 
history of Lake Winnipeg is of special interest, but since this lake is 
merely a remnant of a former much larger body of water, it will be 
described in connection with extinct glacial lakes. 

Extinct Glacial Lakes 

The beds of thousands of extinct glacial lakes are known to be scat¬ 
tered over the glaciated area. Some of these existed only during the 
time of the ice retreat, while others persisted for a greater or lesser 
length of time after the Ice Age. Lakes Chicago, Iroquois, etc., already 
described, were fine examples of the first type. North-sloping valleys 
were particularly favorable for the development of glacial lakes during 
the retreat of the ice, because the ice front always acted as a dam across 
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such valleys, thus causing the waters to become ponded. Among the 
best criteria for the recognition of these extinct glacial lakes are distinct 
beaches, and typical, llat-topped, delta deposits, formed by inllowing 
streams. 



Fic. 338. Site of a former placial lake 32 miles long in the northeastern Adirondack 
Mountains of New York. Its waters were ponded against the front of the 
Labradorean ice sheet during its general northward retreat. It occupied only 
the valleys in this mountainous area, thus causing the very irregular shoreline. 
The arrow at the middle-right shows the direction of the outlet stream. 
(Somewhat modified after H. L. Ailing.) 


A good example of thousands of glacial lakes belonging in the cate¬ 
gory just mentioned is illustrated by the accompanying map (Fig. 338). 
Delta terraces and wide sand flats, marking the bed of this former lake, 
are well preserved. Remnants of this lake still remain as shown by the 

black areas within the ruled areas. 
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A fine example of a very large glacial lake in the interior of North 
America, and now represented only by remnants (e.g., Lake Winnipeg), 
has been called Lake Agassiz in honor of the pioneer student of the 
Quaternary Ice Age. This lake, fully 700 miles long and several hun¬ 
dred miles wide, extended over the whole valley of the Red River of 
the North in North Dakota and ^linnesota, and northward over much 
of Manitoba. It covered a larger area than the combined Great Lakes. 
Its water was held up by the front of the waning great ice sheet during 
its northward retreat. Its outlet was southward through the Minnesota 
and ^lississippi Rivers until the ice melted back (northward) far enough 
to open the outlet by way of Nelson River to Hudson Bay, when the 
great body of water was rapidly lowered, leaving only the present-day 
remnants, principally Lake Winnipeg. The soil of this smooth lake bed 
is wonderfully rich. 

Drainage Changes Caused by the Glaciation 

In addition to its lakes, the glaciated area is also characterized by 
numerous gorges and waterfalls, which are largely indirect effects of 
glaciation. As a result of the very long time of pre-Glacial erosion, it 
is certain that typical, steep-sided, narrow gorges, as well as waterfalls, 
must have been very uncommon, if present at all. 

During the Ice Age many of the valleys were more or less filled with 
glacial drift so that post-Glacial streams were often forced to find dif¬ 
ferent courses where they cut new valleys, sometimes in the form of 
gorges in hard rock. A few fine examples are Watkins Glen, Trenton 
Chasm, and Ausable Chasm (Fig. 54) in New York, and the Dells of the 
Wisconsin River. Like lakes, such features are ephemeral, because, 
under our conditions of climate, gorges soon (geologically) widen at the 
top, and waterfalls disappear by retreat or by wearing away the hard 
rock which causes them. 

Important changes of stream courses are numerous in many parts of 
the glaciated territory. For illustrative purposes we shall describe only 
a few typical, well-studied cases of such stream changes. 

The world-famous Niagara Falls and Gorge are wholly post-Glacial 
in origin. After plunging 165 feet at the falls, the river rushes for 7 
miles through the gorge, whose depth is between 200 and 300 feet. 
When the glacial waters in the eastern Great Lakes region had dropped 
to the Iroquois level, the Niagara limestone terrace in the vicinity of 
Buffalo, and with steep escarpment or northern front at Lewiston and 
Queenston, ceased to be covered with lake water, and the Niagara River 
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Fic. 339. Map of Niagara Falls and Gorge. The gorge has developed in the wake 
of the retreating falls for 7 miles from Lewiston to the present location of the 
falls. (After F. B. Taylor, U. S. Geological Survey.) 


came into existence by flowing northward over this limestone plain. The 
river first plunged over the escarpment at Lewiston, thus inaugurating 
the falls there. Since that time the falls have receded the 7 miles up 
stream to their present position. Soft shales underlie the layer of harder 
Niagara limestone, and the recession of the falls has clearly been caused 
by the breaking off of blocks of limestone due to undermining of the soft 




Fir. 340. .Aerial view of Niagara Falls and the upper part of Niagara Gorge. 
American Falls on the left, and Canadian (Horseshoe) Falls on the right. 
Most of the water by far passes over the Canadian Falls situated at the head of 
the gorge. This means that retreat of the falls, and resultant gorge develop¬ 
ment, are taking place very largely on the Canadian side. (Photo by courtesy 
of Niagara Falls Power Company.) 

shales. A glance at the map (Fig. 339), and the aerial view (Fig. 34 o)> 
will show that the gorge development is really taking place on the Horse¬ 
shoe Falls side, where the volume of water is much greater, and that in 
a short time, geologically considered, the American Falls will be dry. 

Another well-studied example of important drainage change is shown 
by the accompanying map (Fig. 341) of of northern Illinois. The 
pre-Glacial Rock River flowed southward into the Illinois River, instead 
of southwestward into the Mississippi as at present. 

Even such large rivers as the Columbia were sometimes notably 
shifted out of their pre-Glacial channels by the invasion of the ice 
sheets. The Cordilleran glacier filled a portion of the valley of the 
Columbia River in central Washington, forcing the mighty river many 
miles eastward to find a new course southward for about 50 miles, where 
it eroded a canyon called the Grand Coulee. Retreating waterfalls, 
hundreds of feet high and several miles wide, developed during the 
process of cutting of the canyon in flat-lying volcanic rocks. A great 
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cliff, marking the last position of a maRnificent waterfall, is called Dry 
Falls from the summit of which the accompanying picture tEi«. 
was taken. On the melting of the 
ice, the river returned to its former 
valley. 

Changes of Sea Level Causeo 
BY THE Glaciation 

It has been estimated that the 
melting of the Antarctic glaciers, 
now covering about 5,000,000 square 
miles, would cause the level of the 
sea to rise fully 100 feet. When 
the greatest Pleistocene glaciers ex¬ 
isted, and covered about 15.000,- 
000 square miles, they represented 
enough water temporarily removed 
from the sea to lower its level hun¬ 
dreds of feet. At such times the 
shorelines of the world were farther 
out than now, considerable parts of 
the present continental shelf areas 
then being land. During intergla¬ 
cial stages the sea level stood at . 1 • 

about its present height, or higher by about too feet m case the glaciers 

completely melted away. 

General Effects of the Glaciation 

Geological. Recently (1948) E. H. Colbert gave the following 
excellent summary of the more profound effects of the Quaternary 
glaciation: “The major direct result was the burial (at the glacial 
Lximum) of about 3 3 per cent of the land area of the world beneath 
glacier ice, and the imprinting on most of this area of a conspicuou 
identifiable record,' Another result, extending for hundreds of miles 
into the nonglaciated land areas, was outwash sedimentation, , 
third result was the conspicuous change wrought by mtiist (P^) 
climates in the now desert and semi-desert regions of middle and low lati¬ 
tudes, creating lakes and streams, and altogether affecting another 10 

' This record includes glacial deposits, effects of ice erosion, numerous lake 
basins, and many changes in slream courses. 
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per cent of the world's land area. A fourth result was the notable 
fluctuation of sea level that took place in sympathy with the fluctuating 
glaciers. It affected all the coasts of the world, and temporarily added 
(at the greatest glacial maximum) 2 or 3 per cent to the land area of 
the world by exposing extensive areas of continental shelf. Finally, a 
fifth result consisted of wide migrations of animals and plants, 
leaving at any one place a record of different assemblages at different 



Fig. 342. View lookinc south through part of the Grand Coulee, Washington. 
This canyon was cut by the diverted Columbia River during a late stage of 
the Ice Age. 


times, not only on the nonglaciated lands, but on the floor of the shallow 
seas as well.’’ 

In Relation to Human Activity. Advantages. As a result of 
Late Tertiary stream dissection, much of what is now the glaciated area 
of the United States had been converted into a fairly rugged country. 
Because of the heavy accumulations of drift, chiefly in the depressions, 
this ruggedness was greatly diminished and, in fact, many districts were 
actually converted into almost featureless plains. Old lake beds (e.g., 
that of Lake Agassiz) also are usually very smooth. Thus, agricultural 
pursuits, transportation, and travel have been made easier. 

Over very extensive areas, such as the upper Mississippi Valley, the 
soils have been made deeper and richer on the average because the pre- 
Glacial soils were not only comparatively thin on the numerous hillsides, 
but also they were sandy or clayey residual materials from which much 
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of the rich (soluble) mineral plant foods had been washed out. The 
glacial drift soils are usually more uniformly deep and consist of finely 
ground rocks of many kinds still rich in the soluble plant foods. 

Water-power facilities have been vastly increased because of the de¬ 
velopment of thousands of waterfalls, rapids, and lakes. Pre-Glacial 
streams were mostly graded and hence without waterfalls or rapids, 
while pre-Glacial lakes were almost entirely absent. Lakes, by acting 
as reservoirs, help much in causing a more uniform tlow of streams. In 
many places such reservoir effect is furthered by artificially increasing 
the heights of the natural dams, as, e.g., in the Adirondacks. Also many 
large reservoirs can easily be constructed at comparatively little expense 
by restoring dams of extinct lakes. 

Large lakes afford cheap transportation facilities, and often have a 
tempering influence upon the climate. Many lakes furnish abundant 
water supplies for towns and cities, as well as more or less fish for food. 

The benefit of lakes, waterfalls, gorges, etc., from the aesthetic or 
scenic standpoint would be difficult to overestimate. 

Drift deposits are often used—e.g., clays for the manufacture of 
brick, tile, etc., and sand and gravel for various construction purposes. 

Disadvantages. In some cases the earth s surface has been in¬ 
creased in ruggedness by the drift accumulations, especially in extensive 
kame-moraine areas, thus hindering agriculture, transportation, and 
travel. 

In many places, as in parts of New England, New York, and eastern 
Canada, the cultivation of the soil has been made difficult because of 
the numerous glacial boulders it contains. In these same regions many 
of the old lake or other deposits are too sandy or gravelly to be very 
fertile. 

Large areas now covered by lake waters would make valuable farm¬ 
ing land. This is particularly true of the Great Lakes, 

All things considered, it seems certain that the advantages due to 
glaciation are notably greater than the disadvantages. 

Duration of the Glacial Epoch 

Among the most important criteria for estimating the duration of 
the Glacial epoch are the following: (i) Amount of erosion of the vari¬ 
ous drift deposits; (2) depth of oxidized zones of drift deposits; (3) 
amount of decomposition of materials, such as pebbles and boulders; 
(4) extent of leaching or removal of lime carbonate involved in the 
formation of gumbotils; (5) amount of vegetable growth during the 
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interglacial intervals; (6) the volumes of the drift deposits; (7) cli¬ 
matic changes indicated by glacial and interglacial faunas and floras; 
and (8) rates of advance and retreats of glaciers. None of these are 
subject to very direct or accurate measurement, including the rates of 
changes, but considered altogether an idea of the order of magnitude of 
the time involved may be gained. 

Some of the criteria, such as rate of development of gumbotil; 
amount of erosion of the drift deposits, based upon the post-Glacial 
rate; and rates and retreats of modern glaciers, yield better results than 
others. Thus, in view of the fact that the gumbotils of several inter¬ 
glacial stages are 5 to 12 feet thick, it is evident that they indicate long 
times of weathering. G. F. Kay, using post-Glacial rate of alteration 
as a standard, has estimated that it took about 70,000 years to develop 
gumbotil to a depth of 5 feet during the Sangamon interglacial stage, and 
250,000 years to form 12 feet of gumbotil during the Yarmouth stage. 
He also estimated that the interglacial stages were much longer than 
the glacial stages. 

.After considering many of the factors involved in the problem, it 
has been concluded that the Glacial epoch was at least 700,000 years 
long, and very probably 1,000,000 years or more. 

Length of Time Since the Glacial Epoch 

Estimates of the length of time since the close of the Ice Age are per¬ 
haps more satisfactory, though it must be remembered that the close of 
the Ice Age was not the same for all places. The ice retreated north¬ 
ward very slowly and when, for example, southern New York was free 
from the ice, northern New York was still occupied by the glacier. The 
best estimates of the length of time since the close of the Ice Age are 
based upon the rate of recession of Niagara Falls. We have learned 
that Niagara River began its work about the time the glacial waters in 
the Erie-Ontario basins dropped to the Iroquois level, and that the falls 
were first formed by the plunging of the river over the limestone es¬ 
carpment at Lewiston. Studies based upon actual surveys, drawings, 
daguerreotypes, photographs, etc., made between the years 1842 and 
1905, have shown that the Horseshoe Fall had receded about $ feet a 
year, while the American Fall, between 1827 and 1905, had receded 
about 3 inches a year. Thus the gorge cutting is clearly taking place 
on the Canadian side (Figs. 340, 343). The length of the gorge is 7 
miles, and if we consider the rate of recession to have been always 5 
feet a year, the length of time necessary to cut the gorge would be some- 
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thing over 7000 years. But the problem is not so simple, since we know 
that at the time of, or shortly after, the beginning of the river, the upper 
lakes drained out through the Trent River, and then still later through 
the Ottawa River. So it is evident that, for a good part of the time 
since the ice retreated from the Xiagara region, the volume of water pass¬ 
ing over the falls was notably diminished, and hence the length of time 
for the gorge cutting increased. Some estimates for the length of time 
since the ice retreated from the Xiagara region average about 12.000 to 
15,000 years. However any such estimate may or maj* not be the right 
order of magnitude because so many factors, including some very iincer- 



343. Map sliowinp the amount of retreat of Niapara Falls between 1842 and 
1911. The middle portion of the Horseshoe Falls retreated about 300 feet dur¬ 
ing this interval. The whole of Niapara Gorge, 7 miles long, has been formed 
by the retreat of the falls. (After F. B. Taylor, U. S. Geological Survey.) 


tain ones, must be taken into consideration. Although close estimates 
are practically impossible, it is, nevertheless, certain that the time since 
the Ice Age is far less than its duration, and that, for the region of the 
northern United States, the final ice retreat occurred only a very short 
(geological) time ago. 

When we consider the slight amount of weathering and erosion of 
the latest glacial drift, we are also forced to conclude that the time 
since the close of the Ice Age in the United States is to be measured by 
only some thousands of years. Thus kames, drumlins, extinct lake 
deltas, and moraines with their kettle holes, have generally been very 
little afiected by erosion since their formation. 
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Time Since the Climax of the Last Ice Sheet 

A way to determine the number of years since the last (Wisconsin) 
ice sheet reached its climax is to find out how long it took the glacier to 
recede from its southernmost limit to Niagara Falls, or about 600 miles, 
and add this figure to the age of the falls. 

A fair idea of the rate of recession of the last ice sheet may be gained 
by counting aiul correlating the layers of clay which were deposited in 

lakes in front of the retreating 
edge of the glacier. Each layer, 
consisting of a darker and a 
lighter band, is called a varve. 
Each varve represents the mate¬ 
rial laid down in one year, the 
lighter, coarser grained, silty por¬ 
tion during the summer, and the 
darker, finer grained, greasy por¬ 
tion during the winter. Ry the 
use of this method, De Geer 
founrl that the last ice sheet in 
Europe retreated a distance of 
270 miles to the northwest of 
Stockholm in 5000 years, or at 
the rate of 285 feet per year. 
.'\ntevs, using the same method, 
concluded that the last glacier 
receded a distance of 185 miles 
in western New England in 4100 
years, or at the rate of 240 feet 
per year. If, therefore, we put the rate of retreat at about 260 feet per 
year, it took the Wisconsin ice sheet somewhat more than 12,000 years 
to retreat from its southernmost limit to Niagara Falls. Combining 
this figure with average estimates of 12,000 to 15,000 years for the age 
of Niagara, we get at least a rough approximation of the time since the 
last (or Wisconsin) glacier reached its climax, or about 24,000 to 
27,000 years ago. 



Fio. 344. Detailed view showinc varved 
clay beds in a clay pit at Anpekum 
I.akc. Ontario. Canada (Photo by 
Ontario Bureau of Mines.) 


The Glacial Epoch in Europe 

In many important respects the history of the Quaternary period in 
Europe is much like that of North .America. The accompanying map 
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(Fig. 345) shows the extent (about 2,000,000 square miles) of ice sheet 
at the time of maximum glaciation. As the map also shows, the great 
center of dispersal was over the Scandinavian peninsula, with apparently 
a small, secondary center over Scotland. The ice over Scandinavia is 
estimated to have been 6000 to 7000 feet deep. The Baltic, North, 
and Irish Seas were completely filled by the great ice sheet which ex¬ 
tended well south into Germany and Russia. As in North America, 
four major glacial ages, separated by interglacial ages, have been recog- 



Fic. 345. Map showing the extent of Pleistocene ice in Europe at the time of maxi¬ 
mum glaciation. General direction of the ice flow shown by broken lines. 

(After J. Geikie.) 

nized. These with their North American correlatives are: Gunz (Ne¬ 
braskan), Mindel (Kansan), Riss (Illinoian), and Wurm (Wiscon¬ 
sin), During the Glacial epoch the glaciers of the Alps were far larger 
and more numerous than today, and they often flowed down to the low¬ 
lands on all sides. The Pyrenees and the Caucasus Mountains were 

also vigorously glaciated. 

As in North America, also, northern Europe was notably higher 
than now, apparently late in the Tertiary or early in the Quaternary; 
then, toward the close of the Glacial epoch, there was subsidence (of 
Scandinavia at least) to below the present level; and this was followed 
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by partial re-elevation of at least some hundreds of feet to the present 
level. Actual surveys have proved that from central to northern Swe¬ 
den the land is still rising. The great fiords of Norway, with their 
raised beaches, testify to the important changes of level above men¬ 
tioned. 

In other continents many of the higher mountains bore glaciers, even 
where none at all exist today. Also, so far as known, the Antarctic re¬ 
gion was heavily glaciated much as it is today. 

Cause of the Glaciation 

The cause of the glaciation has been a very perplexing problem. 
V^arious hypotheses, often of widely different character, have been of¬ 
fered by way of explanation, but there is nothing like general agreement 
on the subject. We have here a fine illustration of the difference be¬ 
tween “fact” and “hypothesis” which the student of natural science 
must always keep clearly in mind. Thus, the fact of the Glacial epoch 
(including much of its history) is conclusively established, but the cause 
of the glaciation is a matter concerning which we have only hypotheses 
or speculations. 

In this elementary work we can do no more than suggest several of 
the leading hypotheses. Those further interested in the subject are re¬ 
ferred to special articles and larger general works such as Flint’s “Glacial 
Geology and the Pleistocene Epoch.” One point to be borne in mind 
is that no hypothesis is required to account for an average yearly tem¬ 
perature of more than lo or possibly 12 degrees lower than at present 
over the glaciated area in order to have brought on the Ice Age. An¬ 
other point is that both sufficient snowfall and low temperature were 
necessary. 

A Geologic (Elevation) Hypothesis. As we have already 
pointed out, the evidence, chiefly from the submerged river channels 
along the Atlantic Coast, clearly indicates greater altitude of north¬ 
eastern North America late in the Tertiary and probably also in the 
Early Quaternary. An altitude several thousand feet greater than now 
has been claimed for this region. Since it is well known that the tem- 
• perature becomes lower with increasing altitude (one degree for about 
300 feet), it has been argued that the greater altitude of the glaciated 
area was in itself sufficient cause for the glaciation. “Northern eleva¬ 
tion produced ice-accumulation; ice-accumulation by weight produced 
subsidence; subsidence produced moderation of temperature and melt- 
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ing of ice; and this last by lightening of load produced re-elevation” 
(J. Le Conte). It is not necessary to assume that maximum elevation 
and ice-accumulation were coincident, because an effect often lags be¬ 
hind its cause. This northern elevation also is believed to have suffi¬ 
ciently upraised the northern ocean basins to cut off warm currents, like 
the Gulf Stream, thereby depriving the northern lands of such warming 
influences. 

It has been urged against this hypothesis that there is no positive 
evidence for nearly as much as several thousand feet of elevation of the 
glaciated region, and that the only way glacial and interglacial stages 
could be accounted for would be by the unreasonable assumption of re¬ 
peated elevation and subsidence corresponding to each advance and 
retreat of the ice. 

Chamberlin's Atmospheric Hypothesis. Among the atmos¬ 
pheric hypotheses, the one which Chamberlin has put into its best form 
“is based chiefly on a postulated variation in the constituents of the at¬ 
mosphere, especially in the amount of carbon dioxide and water. Both 
these elements have high capacities for absorbing heat, and both are 
being constantly supplied and constantly consumed. . . . The great 
elevation of the land at the close of the Tertiary seems to afford condi¬ 
tions favorable both for the consumption of carbon dioxide in large 
quantities, and for the reduction of the water content of the air. De¬ 
pletion of these heat-absorbing elements was equivalent to the thinning 
of the thermal blanket which they constitute. If it was thinned, the 
temperature was reduced, and this would further decrease the amount 
of water vapor held in the air. The effect would thus be cumulative. 
The elevation and extension of the land would also produce its own 
effects on the prevailing winds and in other ways, so that some of the 
features of the hypsometric (elevation) hypothesis form a part of this 
hypothesis. . . . By variations in the consumption of carbon dioxide, 
especially in its absorption and escape from the ocean, the hypothesis 
attempts to explain the periodicity of glaciation. Localization (of 
glaciation) is attributed to the two great areas of permanent low pres¬ 
sure in proximity to which the ice sheets developed.” ^ 

Huntington’s Sunspot Hypothesis. It seems to be a well-estab¬ 
lished fact that the temperature of the air near the earth’s surface is 
lower at times of unusual sunspot activity. The intensity of sun s 

’Chamberlin and Salisbury: College Geology, pp. 898-899. 
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heat coming to the earth is known to vary as much as 3 to 5 per cent 
during short periods, ranging from a few days to a few weeks. Hun¬ 
tington has suggested that the several real glacial epochs of known geo¬ 
logical time may have occurred during periods of exceptionally great 
and long sunspot activity, probably in combination with other factors. 
During such a cycle of very intense solar activity, not only would the 
earth’s winds be stronger and hence conduct more heat upward from 
the earth’s surface, but also these stronger winds would cause the great 
eastward moving storm areas (or cyclonic storms) to travel farther 
north than they do at present in both North America and Europe. The 
lowering of the temperature and the increase in atmospheric moisture, 
resulting from the conditions just mentioned, would explain the gather¬ 
ing of the great Pleistocene glaciers. 

MenzePs Hypothesis. According to Menzel, as reported in Sci¬ 
ence News Letter (September 25, 1948), several times during the Pleisto¬ 
cene period dark nebulae in the solar system caused glacial stages. The 
sun has been traveling through such a nebula from which it emerged 
about 50,000 years ago. Denser parts of the nebula reflected some of 
the sun’s heat back to the earth and caused the warm interglacial stages, 
and less dense parts of the cloud gave the glacial stages. According to 
this hypothesis, an extensive nebula, even if partially transparent, could 
scatter enough radiation back to the earth to increase the sunlight reach¬ 
ing it by 5 to possibly 15 per cent. Menzel says that the sun has prob¬ 
ably passed through many nebula during geologic time, but that ice ages 
resulted only when there was high evaporation from the seas accompa¬ 
nied by high transport of the moisture-laden atmosphere to the polar 
regions. 

Solar—Topographic Hypothesis. This hypothesis, as suggested 
by Flint, involves both variation in intensity of heat coming from the 
sun, and generally high-stand condition of the glaciated regions in the 
northern hemisphere. As presented in the preceding chapter, there is 
much evidence indicating not only that the glaciated regions were much 
higher in Late Cenozoic time than they were during Early and Middle 
Cenozoic times, but also that Tertiary time witnessed a general south¬ 
ward shifting of warm climate. Such highland conditions favored in¬ 
creased precipitation in the form of snow and its accumulation for glacier 
growth. Taken by themselves, these facts would not explain both the 
glacial and interglacial stages. However, worldwide reduction of tem- 
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perature, because of lessened heat from the sun, would cause a glacia¬ 
tion; and increase of temperature for a time, caused by greater heat from 
the sun, would cause an interglacial stage. 

Volcanic Dust Hypothesis. Strange as it seems, volcanic activity 
may be a contributing cause of glaciation. Volcanic dust from a great 
explosion is known to remain suspended in the atmosphere for many 
months. Dust in the atmosphere lowers the temperature of the earth’s 
surface by keeping some of the sun’s heat from reaching the earth. 
During a period of great activity of numerous volcanoes, the earth’s 
surface temperature may be distinctly lowered, and it is perhaps signifi¬ 
cant that there was widespread, vigorous volcanic activity during the 
Pleistocene Ice Age. 

Conclusion. In conclusion we may say that, as is true of so many 
other great natural phenomena, no one hypothesis or explanation is 
sufficient to account for all the features of glacial epochs. Probably 
several or all of these, or still other hypotheses must be properly com¬ 
bined in order to explain the phenomena of glaciation, and hence it is 
more readily understood why great glacial epochs have not been more 
common throughout the history of the earth. 


CHAPTER XXV 


CENOZOIC LIFE 

General Statement 

The Cenozoic era is often called the “Age of Mammals” because, 
for the first time, these most highly organized of all animals became 
abundant and diversified and were masters of the land. 

Taken as a whole, the life of the Cenozoic era was markedly diL 
ferent from that of the Mesozoic. Even in the Tertiary period the 
most important groups of plants and animals had a decidedly modern 
aspect. Most of the plants and the invertebrate animals of the Tertiary 
period belonged to genera which still exist, while the present-day species 
gradually increased from a small percentage in the Eocene to a large 
percentage in the Pliocene. Among the vertebrates, the fishes, amphib¬ 
ians, reptiles, and birds differed but little from those of today. The 
mammals, however, which were small, primitive, and relatively rare 
throughout the Mesozoic, showed a wonderful development both in 
number of individuals and diversity of forms. The mammals were, 
therefore, the most interesting and characteristic organisms of Cenozoic 
time. 


Plants 

Vegetation had assumed a rather distinctly modern aspect well be¬ 
fore the opening of the Cenozoic era, the great revolution from ancient 
to modern types having taken place about the middle of the Mesozoic 
era. During the Cenozoic, however, there was notable progress toward 
even more modern conditions, so that many genera became the same as 
now and gradually more and more present-day species were introduced. 

Among the simplest or single-celled plants, the diatoms deserve 
special mention. In certain times and places they swarmed in the 
Tertiary waters. Each microscopic shell of a diatom consists of silica 
which material is secreted from either the fresh or salt water in which it 
lives. Each of the numerous species produces a characteristic pattern, 
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Diatoms from dialomitc of Miocene age at Lompoc. California 
much enlarged. (After California State Mining Bureau.) 


Fig. 347. A well-preserved fossil palm, Thrimax, from the Eocene of Georg'a 

(After Berry, U. S. Geological Survey.) 
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usually delicate or lacelike (Fig. 346). Countless myriads of diatoms 
now live in vast expanses of the surface or near-surface waters of the 
warmer seas. During Miocene time, diatoms were unusually abundant 
in various seas where their shells accumulated on parts of the sea floor 
to build up formations called diatomite. A fine example is the forma¬ 
tion. hundreds of feet thick, in Santa Barbara County, California (Fig. 
255)- This diatomite is snow-white, very porous, and light in weight. 



Fi(.. 548. Two petrified tree stumps in upright position with roots in place. The 
bold outcrop in the background shows the nature of the volcanic fragmental 
material in which the trees were buried. Specimen Ridge, Yellowstone Na¬ 
tional Park. (After F. H. Knowlton, U. S. Geological Survey.) 

It is being quarried for commercial purposes. Diatom shells are so tiny 
that billions of them are required to make a cubic inch of diatomite. 

During the earlier Tertiary, as we have learned, the climate of 
Europe and the northern United States was warm temperate to even 
subtropical and there flourished such trees as palms (Fig. 347), laurels, 
oaks, willows, chestnuts, etc., with the addition of magnolias, figs, 
poplars, ferns, etc., in the western interior of the United States and 
southern Canada. As far north as Greenland and Spitzbergen, there 
were forests with maples, camphor trees, figs, laurels, cypresses, poplars, 
and sequoias. 
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Many of the present-day forest plants of Central America and 
northern South America, particularly in the “rain forest ’ of the Vene¬ 
zuelan Andes, greatly resemble those which lived in western North 
America during Early Tertiary times. As the Cenozoic climate grad¬ 
ually became cooler and drier, these plants were driven southward into 
warmer and moister regions in order to survive. For such a reason, 



Fig. 349. A diagrammatic section showing a succession of more than a dozen so- 
called “petrified forests” distributed through a thickness of 2000 feet of volcanic 
deposits. Specimen Ridge, Yellowstone National Park. (After Holmes, U. S. 
Geological Survey.) 


the palms, figs, and magnolias disappeared from the western interior of 
North America, and the palms from Europe. 

Fine examples of Tertiary (Miocene) warmer climate trees, includ¬ 
ing sycamores, laurels, oaks, pines, and sequoias, are remarkably pre¬ 
served in petrified form in Yellowstone National Park (Fig. 348). A 
dozen or more so-called “petrified forests” occur there at different 
horizons through a thickness of about 2000 feet of nearly horizontal beds 
of fragmental volcanic rocks (Fig. 349)- Parts of many petrified tree- 
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trunks, with roots in place, are still in upright position where they grew. 
These are remains of successive forests which were killed and buried by 
showers of eruptive fragments, then petrified, and since partly exposed 
by erosion. 

In the Tertiary both grasses and cereals became abundant and they 
must have had an important influence in the development of the princi¬ 
pal groups of herbivorous mammals. 

Sequoias. Among the Cenozoic gymnosperms, the sequoias are of 
special interest. They began in the Late Jurassic; attained culmination 
in numbers and species in the Tertiary; and are now represented by 



Fic. 350. A petrified pine cone from Miocene sandstone northeast of Bakersfield, 
California. In this specimen the petrifying material is sulphate of lime 
(selenite) instead of the usual silica. 


only two species— Sequoia gigantea (California “Big Tree”) and Se¬ 
quoia sempervirens (California “Redwood”). Both are redwoods and 
both include probably the oldest and biggest living things. They reach 
heights of fully 300 feet, and diameters greater than 30 feet. In the 
plant world, these giant trees stand out in remarkable contrast with the 
microscopic diatoms. Single trees live to be several thousand years old. 

Both species of Sequoia are very restricted in the present-day 
natural habitat, gigantea being confined to the middle-western slope of 
the Sierra Nevada, and sempervirens living only in the coastal mountains 
of middle and northern California and the southwestern corner of Oregon. 
During the Tertiary, Sequoia, and the ancestral Metasequoia, grew as 
forests in many parts of the northern hemisphere, including the Arctic 
zone, as proved by their fossil remains. Why should such trees have 
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dwindled in numbers and species so rapidly to near extinction in 
Quaternary time? Possibly the answer lies in the vicissitudes of climate 
of the Ice Age. 

In this connection the recent discovery of living specimens of so- 
called Metaseqiioia is of special interest. Based upon the work of R. \\ . 
Chaney, Science News-Letter (1948) says: “A tree species that flourished 
on the earth long ago, almost in the days of the dinosaurs, long sup¬ 
posed to be as dead as they are, and known only from fossils, turned up 
alive a short time ago deep in China’s almost inaccessible interior. 
Closely related to the sequoias of California, it bears the name Meta- 
sequoia^ testifying to its kinship. . - . The biggest Metasequoia seen 
and photographed by Professor Chaney stands 98 feet high and is 
nearly six feet in diameter. . . . Unlike the American sequoias, which 
are evergreen, Metasequoia loses its foliage in autumn. 


Animals 


Since the Tertiary invertebrates were all in nearly every way so 
similar to those of today, we shall give special attention to only a few 

features of interest. 

Among protozoans, the foramintfers were exceedingly abundant and 
often remarkable for their great size. Of these the Nnnimidites, so 


called because coin-shaped, have already been re¬ 
ferred to as making up great limestone deposits in 
the Old World Eocene. They attained a diameter 
as great as half an inch (Fig. 551 )• 

Porifers, coelenterates, echinoderms, and 
molluscoids were almost wholly modern in char¬ 
acter, with crinoids and brachiopods both rare. 

Among mollusks both pelecypods and gastro¬ 
pods (Fig. 353) were exceedingly common, perhaps 
more so than ever before, and of very modern as¬ 
pect. Oysters appear to have reached their cul¬ 
mination in size at least, some having grown to 
lengths of ten to thirty inches and widths of six to 



Fig. 351. An Eo¬ 
cene foraminifer, 
N u tit tti u I i t e s . 
(From Le Conte’s 
“Geology,” cour¬ 
tesy of D. Apple- 
ton and Com¬ 
pany.) 


twelve inches (Fig. 352). Pelecypods and gastro- 

pods are important Tertiary horizon markers (Fig. 353)- Cepha opo s, 
as we have learned, diminished remarkably at the close of the Cretaceous, 
the great groups of the ammonites and belemnites having disappeare 
while the nautiloids (e.g., Nautilus) were more diversified and wide- 
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spread than now. The dibranchs were of the modern squid and cuttle¬ 
fish types. 

.Among arthropods all the principal groups except the simplest 
(e.g., trilobites an eurypterids) were represented, the crabs among the 
crustaceans having become numerous and varied. Insects are known in 
far greater numbers and variety than from any preceding period. All 
the important groups or orders were represented, including the highest, 
such as moths, butterflies, beetles, bees, and ants. The prolific vege¬ 
tation of the period was of course very favorable for insect development. 



Fig. 352. Large oyster shells, Ostrea, in Eocene strata of Georgia. (After L. W. 

Stephenson, Geol. Sur. Ga., Bui. 26.) 


In a single Miocene stratum a few feet thick at Oeningen, near the 
Swiss border, more than 900 species of insects have been found. “In 
some places the stratum is black with the remains of insects. The same 
stratum is also full of leaves of dicotyls, of which Heer has described 
500 species. Mammalian remains and also fishes are found. . . . 
Doubtless, at Oeningen, in Miocene times, there was an extensive lake 
surrounded by dense forests, through which ran a small river emptying 
into the lake; and the insects drowned in its waters, and the leaves 
strewn by the winds on its surface, were cast ashore by the waves. . . . 
Over 500 of the Oeningen insects were beetles.” ^ 

* J. Le Conte; Elements of Geology, sth ed., p. 534. 
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Another remarkable occurrence of fossil insects is in the amber of 
northern Germany, especially on the shores of the Baltic Sea. where 
fully 2000 species have been obtained. The amber is a fossil resin of 
^rly Oligocene age derived from certain conifers. The insects were 
caught in the resin while it was still soft and sticky and they have been 

4 



3 S 3 . Pacific Coast Tertiary index-fossil roollusks. r, a Miocene gastropod. 
Turritella temblorensis (Wiedey) ; a Pliocene pelecypod. Xwarfara trtlineata. 
variety calcarea (Grant and Gale); an Eocene gastropod PocAycrommmm 
inezanum (Conrad): 4 > an Olicocene pelecypod, Pitar dallt (Weaver). All X 
%. (Photo by C. D. Redmond.) 


perfectly preserved in outline forms (as molds) to the present day in the 
often quite transparent amber. 

At Florissant, Colorado, certain fresh water deposits of Mmcene age 

are said to be black with the remains of insects (Fig. 35 S)- 
species are represented as well as various plants, fishes, and even a ir 
with well-preserved feathers. The lake in which these deposits, largely 
volcanic dust, accumulated has already been described. 
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FJC. 354. Part of a large area covered with Late Tertiary oyster shells which 
have weathered out of the underlying soft shales or clays. This was an 
oyster bed in the northern extension of the Gulf of California. Western 
Imperial \'alley, California. 


Fishes. These were in general much like those of the later 
Mesozoic, though even more modern in aspect. Teleosts (Fig. 356) 
predominated, but sharks were abundant and of great size—60 to 80 
feet long—with fossil teeth up to 5 or 6 inches long occurring in im¬ 
mense numbers in some places as, for example, the Gulf Coastal Plain of 
the United States (Fig. 357). 



Fic. 355. Insects from the Miocene lake beds at Florissant, Colorado, a, a butter¬ 
fly, Prodryas (Scudder) ; b, a weevil, Apion (Scudder). 



C KNOZUIC' LI I K 491 



Flc. 356. nearly perfect fossil teleost fi>h, /yiploffiy^tus, from the toecne of 
Wyominp. (After \*eatch, V. S. GeoU>eicul Sur\e>\ Prof. Paper 56.) 


Amphibians. After their great development in the Late Paleozoic, 
the amphibians never again assumed much importance. In the C enozoic 
they were represented onlv bv such modern types as salamanders, frogs, 
and toads. 


Reptiles. These, too. were quite modern in character, with 
lizards, snakes, crocodiles, and turtles all common and varied. 

Birds. These were much more advanced and numerous than in 
later Mesozoic time, and many of the modern groups had representa¬ 
tives. A few of the more primitive or generalized types, however, still 
existed in the Early Tertiary. Thus a toothed bird has been found in 



357. A shark’s 
tooth from the Eocene 
of the Gulf Coastal 
Plain. Length of 
tooth, 6 in. (.After 
Gibbes.) 



Fig. 358. Head of an Eocene bird, 
Odontopteryx, showing toothlike 
projections of the bill. (After 
Owen.) 



PALEOZOIC MESOZOIC GENOZQIC 

Com. I Ord. I S»l. I Oev. IMiss fPenn. I Per TrT | Jur. | Crel Ter. I Quot. 



Fig. 3S9. This chart shows the main branches in the history of vertebrate animals. Note the evolutionary rela¬ 
tion of Cenozoic mammals to their Mesozoic and Paleozoic ancestors. (By the author, in part after Cleland.) 
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the Eocene of England, though it is to be iu)ted that the teeth were 


only dentations of the edge of the bill (Fig. 35 ^)- With 
tions, modern birds are entirely toothless. Another special 


rare e.Ncep- 
feature was 


the existence of very large, tlightless ostrich-like forms which attained 


heights up to fully lo feet. One kind laid eggs more than a foot long. 


Mammals (except Primates). General Statement. .Ml during 
the Mesozoic era mammals existed, but they were represented only by 


comp>aratively few, small, prim¬ 
itive forms, and they always oc¬ 
cupied a very subordinate posi¬ 
tion in the animal world. They 
were kept in obscurity by the 
dominant and diversified reptiles. 
The mighty crustal disturbance 


A 



of Late Mesozoic time, reaching a 
grand climax in the Rocky Moun¬ 
tain Revolution, left in its wake 
the end of the reign of reptiles, 
and the beginning of the rule of 
the highly organized mammals. 
Very early in the Tertiary there 
began a wonderful development 
of mammals. Evolution of many 
of the higher groups went on rap¬ 
idly, so that by the close of the 
period the mammals had become 
differentiated into most of the 
principal modern types. One of 
the most significant features in 



the evolution of the mammals 
during the Cenozoic was the grad¬ 
ual increase in the relative sizes 
of the brains. The sketches in 
Figure 360 graphically illustrate 
this fact. 


Fig. s6o. Sketches to illustrate increase 
in size of brains of mammals from 
the Eocene to the present. A, Eocene 
Vintathcrium; B, Miocene Brottlo- 
theriuni; C, modern horse, Eguns. 
(After Marsh, from Shimer’s “Intro¬ 
duction to the Study of Fossils,” 
courtesy of The Macmillan Company.) 


With the exception of a few 

very primitive, Late Cretaceous, insectivorous, placental mammals, only 
monotremes and marsupials existed during the Mesozoic, but during the 
Tertiary they were very subordinate to the placentals, and today they 
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are comparatively rare. The Cenozoic was (and is), therefore, very de¬ 
cidedly the “Age of Placental Mammals.” 

One of the most characteristic features of Pleistocene mammals was 
the great size of so many. In fact, as regards size and diversity of forms, 
the mammals may be said to have attained their culmination during the 
Pleistocene epoch. Comparing the mammals of that epoch with those 
of today, we find that many species, especially of the large animals, have 
become extinct, and the world is now (except for man) said to be 
“zoologically impoverished.” The vicissitudes of the climate, i.e., altera¬ 
tions of glacial and interglacial conditions, appear to have “produced a 
very severe struggle for existence and were fatal to a great many large 



Fig. 361. A skeleton of Late Paleoccne Phenacodus restored in outline. (After 

W. B. Scott.) 


mammals, causing numerous extinctions over the larger part of the 
world” (W. B. Scott). 

Because of the great wealth of available material concerning Ceno¬ 
zoic mammals, we can do no more, in our brief survey, than to describe 
some typical examples of the most interesting and better known forms, 
with emphasis upon evolutionary changes shown by them. 

Generalized Mammals of the Eocene. Although mammals were the 
dominant animals even in the Early Tertiary, nevertheless they were 
not then differentiated into the more or less clearly defined groups of 
today such as the carnivores^ or flesh eaters (e.g., dogs, bears, tigers, 
etc.); perissodactyls, or hoofed mammals with an odd number of toes 
(e.g., horses, rhinoceroses, etc.); artiodactyls^ or hoofed mammals with 
an even number of toes (e.g., camels, deer, pigs, etc.); proboscidians^ or 
trunk-bearing hoofed mammals (e.g., elephants); rodents^ or gnawers 
(e.g., rats, squirrels, etc.); insectivores (e.g., moles, hedgehogs, etc.); 
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cetaceans^ or exclusively swimmers (e.^-, whales, dolphins, etc.); 
primates, or the very hifihest of all mammals monkeys, man, 

etc.); and many others. These groups, traced back toward the Earty 
Tertiary, gradually become less and less distinct until, in the Eocene and 
Paleocene, they cannot at all be distinguished as separate groups, but 
rather we find ancestral or generalized forms which show combinations 
of features of the later groups. A great many, varied, and often nearly 
perfect skeletons of mammals have been unearthed from Cenozoic strata, 
especially from continental deposits. 



Fig. 362. Primitive or ancestral horses. Eohippus, of the Eocene. Restored by 
C. R. Knight under the direction of H. F. Osborn. (Permission of American 

Museum of Natural History.) 


One of the most characteristic generalized types of Paleocene time 
was Phenacodus (Fig. 361). The various species of this genus showed 
about the same range in size as medium-sized dogs. Each foot had five 
toes which were supplied with nails which were between true claws 
and true hoofs in structure. The simple (primitive) teeth indicate that 
the animal was omnivorous, that is, both plant and flesh eating. In 
harmony with other Early Tertiary mammals, the brain was relatively 
small and almost devoid of convolutions, thus pointing to a low grade 

of mental development for a mammal. 

Perissodactyls (e.g., horse and rhinoceros). As an example of the 
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history of the odd-toed, hoofed mammals, we shall consider the well- 
known evolution of the horse family. At least forty species of this 
family, ranging from Early Eocene to the present, have been described, 
and practically every connecting link in the evolution of the family is 
known. Only a few of the most important changes can be noted in our 
brief description, which is, in fact, not much more than an explanation 
of the excellent chart shown in Fig. 363. The earliest form, called 
Eohipptts, occurring in the lower Eocene, was about the size of a large 
cat (Fig. 362). On the forefoot it had four functional toes (one larger 
than the others) and a splint or imperfectly developed fifth toe. The 



Fic. 363. Chart to illustrate the evolution of the horse family. (After W. D. 

Matthew, American Museum of Natural History.) 


hind foot had three functional toes and a splint. Doubtless this early 
member of the horse family was derived from an original five-toed 
ancestor whose general structure was something like Phenacodus. In 
the later Eocene Protorohippus had four distinct toes on the front foot 
and three on the hind foot, but with no sign of splints. This form was 
but little larger than Eohippus. During the Oligocene Mesohippus had 
three functional toes (the middle one being distinctly larger), with the 
former fourth toe reduced to a splint on the front foot, while the three 
functional toes continued on the hind foot. It was about the size of a 
sheep (Fig. 363). In the Miocene Protohippus had three toes on both 
































Fic. 364. Restoration of a Miocene landscape in Nebraska. Giant hops, 6 feet 
high, at lower right; two-horned rhinoceroses at lower left; camels at middle 
left; and horses to left of middle. (By C. R. Knight, photo by courtesy of 
Chicago Natural History Museum.) 

fore and hind feet, but in each case only one was large and functional, 
with the other two small toes not long enough to reach the ground. This 
form was about the size of a pony. During the Pliocene and Quaternary, 
Equus, or the modern horse, had, and has, one toe only on each front and 
hind foot with the two side toes of Protohippus reduced to mere splint 
bones, entirely non-functional. Thus we see that the middle toe of the 
original five-toed ancestor has developed, to the exclusion of the others, 
and it is thought that this has tended toward greater fieetness of foot. 
While these evolutionary changes took place, there were al.'^o gradually 
developed longer and more complex teeth; the two entirely separate 
bones (radius and ulna) of the fore limb gradually became consolidated 
into a single strong bone; and the brain steadily increased in relative 
size. 

Rhinoceroses have furnished another excellent fossil record extending 
from Middle Eocene time to the present. Many tribes or families, vary¬ 
ing considerably in shape and greatly in size, appeared and disappeared. 
The earlier types were small and without horns. A hornless type of 
special interest {Baluchitherium, Fig. 365) lived during Late Oligocene 
and Early Miocene times in Asia. He attained a shoulder height of 
nearly 18 feet, and a length of fully 25 feet. He was probably the 
largest land mammal that ever lived. The Cenozoic fossil record of 
rhinoceroses, like that of horses, is particularly good in North America, 
but they became extinct there in Late Pliocene time. Horses lasted 
there until the Late Pleistocene. Modern horses and rhinoceroses, na¬ 
tive to the Old World, represent migrants from North America. There 
is, then, an interesting parallel between the history of horses and rhinoc¬ 
eroses. Miocene rhinoceroses are represented in Figure 364. 
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Fig. 365. A restoration of Baluchitherium the {treat mammal which lived in Asia 
during Middle Tertiary time. With a shoulder height of about 18 feet, he was 
probably the largest land mammal that ever lived. (Model by J. W. Hope; 
photo by courtesy of American Museum of Natural History.) 

Artiodactyls (e.g., camel). These even-toed, hoofed mammals (Fig. 
366), like the odd-toed ones, were descended from a five-toed Eocene 
ancestor. In their development the first toe disappeared, while the 
middle pair of the remaining four became larger and the two side toes 
became smaller and smaller, having disappeared altogether in such a 
type as the modern camel. This sort of evolution in the camel family 
has been traced in almost as much detail as in the horse family. Other 
two-toed existing forms are deer, cattle, and sheep. The two-toed artio¬ 
dactyls now predominate, while the four-toed forms (at present repre¬ 
sented, e.g., by hogs and hippopotami) culminated in the Tertiary. 
Miocene camels and hogs are represented in Figure 364. 

Proboscidians (e.g., elephant). This group of hoofed mammals, 
characterized by the proboscis (trunk), has been traced through many 
intermediate forms back to primitive Eocene ancestry. Proboscidians 
culminated in the Pliocene, when they were the largest (up to 13 or 
14 feet high), the most numerous, and widespread over much of the 
earth except Australia. Mastodons, now wholly extinct, were character- 
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A B C I> 


Fig. 366. Evolution of foot of even-toed (artiodactyl) mammals illustrated by 
existing forms. A, pig; B, roebuck; C, sheep; D, camel. (From Nortons 
‘’Elements of Geology,” by permission of Ginn and Company, Publishers.) 


ized by having knoblike prominences on the chewing surfaces of their 
large teeth (Fig. 367a), while the true elephants (including the extinct 
Mammoths) have large nearly flat grinding surfaces on their teeth (Fig. 
3676). True elephants also nearly always show greater curvature of 
the tusks. The mammoth had long brown hair (Fig. 369). 

The sketches in Figure 368, together with the following excellent 

summary by Lull, will give a good 
idea of the evolution of the probos¬ 
cidians. “Increase in size and in 
the development of pillarlike limbs 
to support the enormous weight. 

Increase in size and complexity of 
the teeth and their consequent 
diminution in numbers and the de¬ 
velopment of the peculiar method 

of tooth succession. The loss of 
the canines and of all the incisor teeth except the second pair in the upper 
and lower jaws and the development of these as tusks. The gra ua 
elongation of the symphysis or union of the lower jaws to strengt en 
and support the lower tusks while digging, culminating in Tetrabeledon 
(or Gomphotherium) angustidens. The apparently sudden shortening 



Fic. 367. a, mastodon tooth; b, mam¬ 
moth tooth. Both viewed from the 

side. 
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Fig. 368. Chart to illustrate the evolution of the elephants. (From Scott, after 
Lull, modified by Sinclair, by courtesy of The Macmillan Company.) 


of this symphysis following the loss of the lower tusks and the com¬ 
pensating increase in size and the change in curvature of those of the 
upper jaw. 

“The increase in bulk and height, together with the shortening of 
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Fig. 369. A Pleistocene mammoth elephant, Eleplias, restored by C. R. Knight. 

(Permission of American Museum of Natural History.) 


the neck necessitated by the increasing weight of the head with its great 
battery of tusks, necessitated the development of a prehensile upper lip 
which gradually evolved into a proboscis for food gathering. I he 
elongation of the lower jaws implies a similar elongation of this pro¬ 
boscis in order that the latter may reach beyond the tusks. T he trunk 



Fig. 370. Mastodon skeleton from the Pleistocene. This animal was about 10 feet 

high. (After Marsh.) 






llUHOiAH 


vARWOUTM 


ifTDViAS 


MC^RAP^ 


KIMBALL 


ASH HOLLOW 


VAL£NTINe 


MARSLANO 


HAPRISOM 


MONROE CREEK 


CER 1 NC 


WWJTNEY 


OPELLA 


CMAORON 


) PRECEOEC THE CENOZOIC ERA 


Fig. 371. Chart showing Cenozoic formations in part of the Great Plains of the 
United States, and many kinds of mammals found in them, particularly in the 
Nebraska region. Some of the animals shown are; i, Phenacodus; 8, primitive 
horse (Eohippus) ; 12, rhinoceros; 13, titanothere; 18, rhinoceros; 20, camel; 21, 
horse {Mesohippus; 25, two-horned rhinoceros; 30. giant hog; 32, horse {Mery- 
c hip pus) ; 35, three-horned deer; 38, four-tusked mastodon; 39, horse {Plio- 
hipptts) ; 44, rhinoceros; 46, giant camel; 48, mastodon; 49, saber-toothed tiger; 
50, giant bison; 52, mammoth; 53, horse {Equus). (From painting by N. L. 
Mohler under direction of C. B. Schultz; photo by courtesy of C. B. Schultz, 
University of Nebraska.) 
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did not, however, reach maximum utility until the shortening jaw, re¬ 
moving the support from beneath, left it pendant, as in the living 

elephant.” 

During Quaternary time the proboscidians were well represented by 
both the mastodons and the mammoths. These were smaller than those 
of the Late Tertiary or about the size of modern elephants. “During 
Pleistocene times the Proboscidia covered all of the great land masses 
except Australia, but were diminishing in numbers, and toward the 
close of the Pleistocene the period of decadence began, resulting in the 
extinction of all but the Indian and African elephants of today” (Lull). 
The mastodon roamed only over much of North America and part of 



Fig. 372. Skeleton of an Eocene creodont, Patriofelis. (After Osborn, from 
Chamberlin and Salisbury’s “Geology,” courtesy of Henry Holt and Company.) 


South America, having become extinct in the Old World in the Late 
Tertiary. The mammoth had a much wider range from the Atlantic 
states to Alaska; across Siberia; through central Europe; and even to 
the British Isles. Fine examples of the almost perfect preservation of 
entire organisms of now extinct forms are furnished by specimens of 
frozen mammoths which have been in nature’s “cold storage” for thou¬ 
sands of years in the gravels or ice of Siberia, In several cases much 
of the hide, long brown hair, and even the flesh are known to have been 
perfectly preserved, the flesh having been eaten by dogs or even the 
natives themselves. Two of the finest specimens were discovered in 

1806 and 1901. 

Carnivores (tigers, dogs, etc.). These modern flesh-eaters can be 
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traced back to a generalized order or group (so-called creodonts. 
Fig. 372) which had certain characters suggesting the insect-eaters, 
hoofed mammals, and marsupials, as well as the carnivores. These creo¬ 
donts or ancestral flesh-eaters had small, simple brains and many small 
teeth. In the course of evolution the existing carnivorous families have 
been derived from them. 

Rodcuts (rats, porcupines, squirrels, etc.). The rodents (gnawers) 
can be traced back to the Karly Eocene, when the incisor teeth were just 
developing a structure suitable for gnawing. By the middle of the 



Fic. 373 - A great ground-sloth, ^^€Rath€rillm. (After W. B. Scott, by permission 

of The Macmillan Company.) 


Eocene the rodents were common and their incisors were highly special¬ 
ized for gnawing. Primitive squirrel-like forms are known from the 
Late Eocene. Certain Pleistocene rodents were 5 feet long. 

Inscctivores (e.g., moles, hedgehogs, etc.). These have also been 
traced back to the Eocene, and, like the rodents, they still show many 
of their ancestral or primitive features. They have changed much less 
than most of the other classes of mammals. 

Among the edentates (sloths, armadillos, etc.), which belong to the 
simplest placental mammals, the Megatherium and the glyptodonts are 
of special interest. The former (see Fig. 373), a sort of giant ground- 
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sloth, was remarkably massive ami attained a length of 15 to 18 feet. 
Its thigh bones were two or three times the thickness of those of the 
elephant, and its front feet were about a yard long. The tooth structure 
shows it to have been a plant feeder. This powerful creature could 
easily have toppled over small trees in order to strip off the leaves. The 
glyptodonts (Fig. 374) were giant armadillos up to 8 feet long and 
armed with a very strong turtle-like carapace. These edentates, includ- 


7 ^'' 

A 



Fic. 374. Great armored jrlyptodonts, Doedicurus and Glyplodoti. (.After \V. B 

Scott, bv permission of The Macmillan Company.) 


ing many species, were common in South America and in North America 

as far north as Pennsylvania and Oregon. 

Cetaceans (e.g., whales, porpoises, etc.). In our study of Mesozoic 
reptiles we found that certain forms took to the sea and became marine 
fishlike creatures, such as the ichthyosaur and the mosasaur. So in the 
Tertiary (even in the Eocene) certain mammals became so adapted to 
the water environment as to become fishlike forms, such as whales, 
porpoises, etc., which are often popularly regarded as true fishes. Ap¬ 
parently we have here an example of retrogression in evolution, because 
true land animals took to the water and their legs degenerated into 
swimming paddles. Certain whalelike forms (zeuglodons) of the Eo- 




Fic. 375. Restoration of Pleistocene animals gathered around the Rancho La Brea 
tar and asphalt pits in southern California. Shown are: saber-toothed tigers, 
at lower right; dire wolf, at lower left; great vultures, in middle and at upper 
left; and horses, at middle right. The asphalt deposits, containing bones of 
these and many other animals, are located in the city of Los Angeles. (By C. R. 
Knight; photo by courtesy of Chicago Natural History Museum.) 

cene reached lengths up to 60 or 80 feet and must have been extremely 
abundant, their vertebrae often being found in great numbers in Ala¬ 
bama and other places. 

Pleistocene Bones in Asphalt. Fossil bones in a wonderful state of 
preservation, occurring under unique conditions, have been found in 
great numbers in the so-called Rancho La Brea tar and asphalt deposits 
in Los Angeles (Figs, ii, 12). The tar and asphalt are oxidized petro¬ 
leum which has been oozing upward to the surface along a fracture in 
the earth’s crust since Middle Pleistocene time. The animals lost their 
lives by becoming trapped in the tar pits. Among the many kinds of 
now extinct animals, represented as fossil bones, were great elephants, 
saber-toothed tigers, wolves, horses, giant ground-sloths, bisons, and 
birds (Fig. 375). 

Distribution of Quaternary Plants and Animals. Ejects of 
Glaciation. The alternations of glacial and interglacial climates caused 
corresponding migrations of colder and warmer climate animals and 
plants. While a great ice sheet was advancing, Arctic animals and 
plants ranged farther and farther southward even into what are now 
temperate latitudes. Thus the musk ox ranged southward to Iowa and 
Kentucky, and the walrus to Virginia, while in Europe the reindeer, 
Arctic fox, etc., ranged southward into France. During the retreat of 
a great ice sheet, the Arctic fauna and flora retreated to colder climatic 
conditions, either by following the ice front northward or by going up 
the mountains as they were freed from the ice. This retreat up the 
mountains affords a ready explanation of the fact that certain Arctic 
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plants and animals (especially insects) are now found, in the Alps and 
higher parts of the White Mountains of New Hampshire, separated 
from their former habitat by many hundreds of miles of climate now 
too mild for them to cross. 

Effects of Diastrophism, During the Pleistocene, the geographical 
environment favored a very widespread distribution of mammals over 
most of the land areas. Thus North America and South America were 
connected; North America and Asia were joined across what is now 
the Bering Sea; and Eurasia and Africa were well connected. Australia 
was, and had been for a long time, one of the largest isolated land 
masses, and herein lies the explanation of its most peculiar fauna and 
flora. For example, of the many known species of mammals all are 
non-placentals, that is, they are monotremes and marsupials. Non-pla- 
centals inhabited most of the great land areas (including Australia) 



Fig. 376. A lemur from Madagascar. It is a living representative of the very 

primitive Eocene primates. (After Beddard.) 

during the Mesozoic era. Since true placental mammals made their 
appearance in the Early Tertiary, it is quite certain that Australia was 
isolated from the Asiatic continent before the Tertiary and that under 
the more local conditions and less severe struggle, placentals were never 
evolved there and they never got there from other continents, except 
as artificially introduced by man in Late Quaternary time. 

Madagascar also has a mammalian fauna very peculiar to itself. 
This island was separated from the mainland before Quaternary time, 
and its mammals, because of less severe struggle for existence, have 
changed more slowly and in their own way as compared with those of the 
African continent. 

The coast islands of southern California show similar relation to the 
mainland, but more especially as regards the plant species. 

Primates (except Man). The primates comprise the highest and 
most complex group of all animals. There are two main divisions— 
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the lemur Olds y including lemurs and Tarsius; and the anthropoids ^ in¬ 
cluding monkeys, apes, and man. Primates are comparatively uncom¬ 
mon in fossil form because they were never numerous like many other 
animals, and because they were land animals, usually living in trees. 
Conditions for their fossilization were, therefore, seldom favorable. 
During the last loo years, however, so many fossil primates have been 
found that we are now able to outline the main steps in the general 
evolution of the primates (including man) from the Early Eocene to 
the present. 

The oldest known true primates—the lemuroids—date from the 
Eocene, and they represented the lowest stage or type of all known 
primates. Both the lemurs, with descendants now living in Madagas¬ 
car, and the Tarsius, with present-day descendants in the East Indies, 
existed in the Eocene. 

From Oligocene strata we have records of the most primitive an¬ 
thropoids or anthropoid-like primates, including both primitive or ances¬ 
tral monkeys and apelike creatures. 

Many species of true anthropoids (both monkeys and apes) existed 
during both the Miocene and Pliocene epochs, as proved by the fossils 
found in widely separated parts of the world. Various species have of 
course ranged to the present time. 

Geologic History of Man. General Statement. Thus far we 
have said little about the interesting and important subject of man’s 
first appearance, and nothing about his early history. Since man, who 
represents the very highest type of organism which has ever inhabited 
the earth, belongs to one of the most recent and important groups of 
animals, it is appropriate that a brief discussion of his origin and early 
history be reserved for the very last. Up to the present, at least, pro¬ 
gressive organic evolution through hundreds of millions of years has 
reached its climax in man. 

Because of additional discoveries and better methods of study, our 
knowledge of prehistoric man is becoming more satisfactory year by 
year. The ablest students of the subject have agreed upon several im¬ 
portant points, while regarding others there is still much disagreement. 
General agreements are: (i) That man has evolved from lower forms 
of primates; (2) that there are clearly recognizable at least two types 
or species of true man, namely, (a) primitive man (Middle and late 
Middle Pleistocene), now extinct, and (b) Homo sapiens (Late Quater¬ 
nary), represented by existing man; (3) that true man certainly existed 
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during the Pleistocene; (4) that, on a most conservative basis, true man 
was on the earth no less than 200,000 years ago; and (5) that there is 
no positive evidence for the existence of true man earlier than the Larly 
Pleistocene or Glacial epoch. 

Differences of opinion commonly surround such as: (i) The classiti- 
cation of the early ancestral forms, that is whether they should be called 
apes, manlike apes, or apelike men;* and (2) the portions of the Quater- 
narv'’ system represented bv the deposits in which man s bones or imple¬ 
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ments are found, or by the remains of animals found associated with 
man’s bones or implements. 

True man differs, in addition to head features, from apes in having 
relatively long legs, short arms, progressive or forward-pointing thumbs, 
non-opposable great toes, and foot adapted to ground travel. 

Bones and implements of ancient man, and his early ancestral forms, 
are found chiefly in river gravels, loess, caves, and interglacial deposits. 

Mt is important to note that thb very difference of opinion is one of the 
strongest arguments in favor of the organic evolution of man, because practically 
all intermediate types between true man and certain higher primate forms are 

known. 
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The table on the preceding page is introduced in order to represent 
graphically (synoptically) certain of the most significant features in 
connection with the geologic history of man. It should be clearly borne 
in mind that, in some respects, these are only tentative arrangements, 
though they do summarize our most recent knowledge based upon the 
work of able students of the subject. 

Ape Man. Among the most ancient known remains of man^s early 
ancestral forms (ape men), five of special interest and importance will 
be described. These are all of greater antiquity (earlier Pleistocene) 
than any bones of what are considered to be true human beings. It 
should, however, be emphasized that there is no sharp line of demarca¬ 
tion between fossil manlike apes and man, but rather there are transi¬ 
tional or gradational forms. 



Flo. 377. Rcstor.'ition of the skull of Eoanthropus dawsoni, or "Piltdown man.” 

The unshaded parts are filled in. (After Hunter.) 


Australopithecust or the so-called “southern ape,” lived in South 
Africa. A skull and jaw bones were found in 1925 buried in a cave 
deposit with remains of extinct animals of Early Pleistocene age. He 
was an ape, but more advanced than any living ape. He was a very old, 
low type of the manlike apes or ape men (Fig. 379). 

Eoanthropus dawsoni^ or “Piltdown man,” is represented by most 
of a skull and teeth found during 1911-12 and 1917 at Piltdown, Eng¬ 
land. The remains were accompanied by crude flint implements (pre- 
Chellean) and bones of extinct animals of rather Early Pleistocene age. 
The strong protruding jaw and teeth, the absence of a real chin, and the 
unusually thick skull cap are strongly apelike. Eoanthropus had a 
brain as large as that of true man, but it was somewhat flatter. It was, 
therefore, exceptionally large for such an ancient creature. Eoanthro- 
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pus had an ape jaw and a human brain (Fig. 377). He represented a 
distinctly human type of the ape men. Associated charcoal and burnt 
implements prove that he used fire. 

Paleoanthropus heidelbergensis, or so-called “Heidelberg man,” is 
represented only by a well-preserved jaw with teeth. It was buried 
under 70 feet of sediment near Heidelberg, Germany. The jaw is very 
massive (apelike) with practically no chin, but the teeth are of human 



Fig. 378. A restoration of the head of Pithecanthropus ereclus. (.\ftcr J. H. 
McGregor, courtesy of the American Museum of Natural History.) 


structure. It is definitely of early Middle Pleistocene age as shown by 
directly associated bones of other animals of that age. 

Pithecanthropus erectus, also known as the “Java man,” was dis¬ 
covered in 1891. Parts of a skull and lower jaw, several teeth, and a 
thigh bone, indicating erect posture, were found under considerable sedi¬ 
ment. Other skulls were found during 1936-39. Associated with the 
remains were bones of extinct animals of early Middle Pleistocene age. 
The low, thick skull cap is plainly apelike with narrow, low forehead, 
and very massive, prominent brow ridges. The teeth were of rather 
human structure, but they projected strongly in front. The creature 
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had a protruding mouth and practically no chin, as in the apes. The 
size of the brain (750-900 c.c.) was much less than that of lower forms 
of true man. Pithecanthropus represented an old, low type of the man¬ 
like apes (Figs. 378, 380). 

Sinanthropus pekinf'cnsis, often called “Peking man,” was discovered 
in 1928-29 near Peiping. China. Many skulls, jaws, and some limb 
bones have since been found buried in a cave deposit. The low, thick¬ 
boned skull shows a low, receding forehead, receding chin, massive brow 
ridges, and a wide, comparatively flat nose. The brain size (1000 to 
1200 c.c.) was intermediate between Pithecanthropus and lower forms 
of true man. Both brain pattern and teeth have human affinities (Fig. 



(.\fter Broom.) Norton’s “Elements of Geologo'/’ hy per- 

mbsion of Ginn and Company, Publish¬ 
ers.) 

381). The limb bones show that he stood erect. Charcoal buried with 
the bones prove that Sinanthropus knew the use of fire. Various asso¬ 
ciated bones of extinct animals and many crude stone implements show 
that he lived fully 500,000 years ago, during the Chellean cultural stage. 

Summarizing the characteristics of the ape men, it is clear that these 
creatures, which lived more than half a million years ago, were definitely, 
though variably, intermediate between true or typical apes and lower 
forms of true or typical human beings. Some of them quite certainly 
walked erect, but with an ape carriage. Their Early Quaternary age is 
proved either by association of their fossil remains with bones of animals 
of that age, or crude (Early Paleolithic) stone implements, or both. 
Most of them had comparatively small flattened brain cases, receding 
foreheads, powerful jaws, massive continuous brow ridges, projecting 
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Fig. 381. Restoration of head and skull of a Sinanihropux (or “Pekinfi”) woman 
who lived approximately 500.000 years ago. (By F. Weidcnreich; photo by 
courtesy of American Museum of Natural History.) 

teeth, and strongly receding chins. Eoanthropus, combining a definitely 
human brain and moderate brow ridges with other definitely ape fea¬ 
tures, was the most exceptional. Possibly he was a real ancestor of 
modern man. 

In regard to the manlike apes in general A. S. Woodward says that 
the facts “are enough to show that, in the beginning, the human skull 
was much more varied than it is at the present day. There were, in¬ 
deed, several distinct approaches to modern man before his type became 



A B CD 

Fic. 382. A comparison of feet of primates. A, lemur; B. monkey; C, ape; and 

D, man. 
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Fi:'.. 3S3. Comparij'On of skulls; a, modern chimpanzee; h. Neanderthal man; c, 
modern Frenchman. (After E. Ri\et, from New York State Museum Bul¬ 
letin I 73.) 


fixed and persistent, just as there were parallel lines of evolution, effec¬ 
tive and non-effective, in the ancestry of other modern mammals.” That 
all of the examples of ape men of Early to Middle Pleistocene age above 
described were closely related in the primate world of that time is 



Fig. 384. Heads of Neanderthal man (left) and Cro-Magnon man (right) re¬ 
stored. (.After J. H. McGregor, courtesy of the .American Museum of 
Natural History.) 
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strons;ly suggested by tlu* >ku!l of Sinanthropus ^^hic■h exhibits a striking 
combination of the special features of the others. 

Primitive Matt. The oUlest form of primate which. l)y rather com¬ 
mon agreement, is considered to have represented true man ap[)eared in 
about the middle of the Pleistocene epi)ch. Many examples of imple- 



Fic. 385. A restoration of Paleolithic Neanderthal Man. (Copyright by Field 

Museum of Natural History, and used by permission.) 
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merits and bones of Middle and late Middle Pleistocene (or primitive) 
man have been found in various parts of the Old World. It is often 
difficult to be sure of the precise glacial or interglacial stage to which 
given specimens belong. Their geologic age is, however, proved by the 
conditions under which they have been found. Thus the bones or im¬ 
plements have often been found buried at considerable depths in cave 
deposits or in sediments which have not been disturbed since their deposi¬ 
tion, or in direct association with the remains of contemporaneous Pleis¬ 
tocene animals such as the mammoth, cave bear, cave hyena, woolly 
rhinoceros, reindeer, musk ox, bison, and horse. 

The fairly well-shaped stone implements, including hand axes, flint- 
tipped spears, and scrapers, indicate the Acheulian and Mousterian cul¬ 
tural ages. That primitive man hunted wild beasts is proved by the 
direct and frequent association of his bones and hunting weapons with 
the bones of contemporary animals. 

It is convenient to group together the more typical examples of 
Middle and late Middle Paleolithic man under the term '^Primitive 
man” as distinguished from Homo sapiens whose representatives made 
their first appearance in very Late Paleolithic (or Late Pleistocene) time. 
Examples of living approaches to primitive man are the native papuan 
of New Guinea and the bushman of Australia. The native Tasmanian, 
who became extinct during the nineteenth century, was even more like 
Middle Paleolithic primitive man. 

Middle Paleolithic man is known almost entirely from the numerous 
crude stone implements (Fig. 386), particularly hand axes and hide 
scrapers, which he left, but actual bones positively known to be of this 
age are as yet unknown. The crude implements represent Late Chellean 
and Acheulian cultural ages (Fig. 386). 

Late Middle Paleolithic man lived during the Mousterian cultural 
age. He is well represented not only by numerous implements from 
many localities, but also by bones and practically complete skeletons, in 
many places. His implements were generally better made (Fig. 386) 
and used for more purposes than those of earlier Paleolithic time. As¬ 
sociated ashes, charcoal, and burnt bones, prove that he knew the use 
of fire. 

Late Middle Paleolithic man is typified by the Neanderthal race, so 
named because of the skeletons found (1856) in the Neander Valley, 
Germany. Neanderthal men “were short, bull-necked, barrel-chested 
individuals, with many features of the bones of the trunk and of the 
extremities suggesting an affinity with the great apes less remote than 
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that of modern man. The most striking features were, however, those 
of the skull. The long and narrow brain cases were of moderate size 
or even large, but flattened down and low; their orbits were sur¬ 
mounted with huge bony brow ridges, behind which the forehead re¬ 
treated in an ignominious fashion. The jaws were protrusive to the 
verge of snoutiness; the chin receded practically to a vanishing point; 
and the teeth were massive, but without canine projection” (E. A. 
Hooton). Neanderthal man (Fig. 385) walked with stooping shoul¬ 
ders, and his neck and head were carried forward in the same curvature 




Fig. 386. Sketches of stone implements of various cultural apes used by Paleolithic 
man. Upper left, Chellean; upper right, Mouslerian; and lower, Solutrean. 
(From “The Nature of the World and Man,” by permission of the University 
of Chicago Press.) 

as the back, so that the head hung forward on the chest. His hands 
and feet were large and his knees bent. His skull was comparatively 
thick. Neanderthal man ‘‘is genealogically the latest to retain several 
specially apelike characters associated in a single individual” (A. S. 
Woodward). 

In addition to the skeletons found in the Neander Valley, brief 
mention will be made of a few others. In a cave at Spy, Belgium, two 
nearly complete skeletons of Neanderthal man have been found. They 
were assocated with remains of contemporaneous Pleistocene animals. 
In the Perigord district of southwestern France, there are several caves 
in which were found relics of man believed to represent late Middle 
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Paleolithic time. An important discovery (1908) was in a cave at La 
Chapelle-aux-Saints in southern France. The remains are a nearly 
perfectly preserved skull together with the lower jaw and many bones 
of the body, .\mong (he associated animal remains were the reindeer, 



Fic. 387* Restoration of Late Paleolithic (Cro-Macnon) men decorating a cave. 
(After C. R. Knight, courtesy of the American Museum of Natural History.) 


horse, rhinoceros, ibex. wolf, badger, and boar. This La Chapelle speci¬ 
men seems to represent a fine typical example of late Middle Paleo¬ 
lithic. or Neanderthal, man. Near Krapina in Croatia hundreds of 
human bones, associated with thousands of bones of other animals, were 
found in 1899 in a rock shelter. “The skulls are of men, women, and 
children, and are .slightly broader than the later (Neanderthal) ones, 
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with less prominent eyebrow ridges and not quite such massive jaws, but 
there is the same retreating chin and Hat crown ’ (E. \V. Berry). A 
number of Neanderthal skeletons have recently been found at the base 
of Mount Carmel and near Galilee in Palestine; Crimea; and Rho¬ 
desia. Mousterian stone implements, without associated human bones, 
have been discovered in many parts of western Europe, Asia Minor, 

and North Africa. 

The Neanderthal race e.xisted for scores of thousands of years 



Fio. 388. A charging wild boar, one 
in the cave at Altamira, Spain. 


of the best paintings by Late Paleolithic man 
(.\fter Cartailhac and Breuil, courtesy of the 


American Museum of Natural History.) 


through the third glacial and interglacial stages, and ranged over large 
parts of western and southern Europe, western Asia, an centra an 

northern Africa. ... 

Homo sapiens. Late Paleolithic man lived during the Aungnacian, 

Solutrean, and Magdalenian cultural ages of Late Pleistocei^ 
is during the fourth glacial stage. He is typified by the ro- agnon 
race which seems to have invaded Europe, probably driving out can 
derthal man. His stone and bone workmanship was the finest o a eo 
lithic time (Fig. 386, lower), and he has left records of drawings an 

pictures in caves. 
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Cro-^Iagnon man is classed with modern man as Ho>no sapiens. He 
was longer in arms, legs, and head than modern man. The average 
size of his head was fully as great as that of present-day man, but some¬ 
what less than that of the highest types of the latter. Both skull and 
forehead were high, but his cheek bones were unusually wide, causing 
him to have a broad face. He had a well-formed chin. His brow ridges 
were fairly heavy. He stood taller and straighter than Neanderthal man 
(Fig. 384, right). 

Numerous skeletons of Cro-AIagnon man have been found in vari¬ 
ous parts of Europe. These are usually associated with many bone and 
stone implements, and with bones of various animals, especially horses. 
Some of the best finds have been made in or near Aurignac, Solutre, 



Fig. 389. The “Procession of Mammoths”; a painting by Paleolithic man in a cave 
at Font-de-Gaume in west-central France. Note the lack of perspective compo¬ 
sition. (After Capitan and Breuil, courtesy of the American Museum of Natural 
History.) 

Grimaldi, and Dordogne V^alley in France, and at Predmost in Czecho¬ 
slovakia. The localities include both caves and open camp sites. The 
Aurignac Cave was probably a family or tribal burial place. Near the 
entrance were found ashes and burnt bones of now extinct animals. 
Within the cave were seventeen human skeletons of various sizes asso¬ 
ciated with ancient art works and bones of extinct animals. 

An interesting feature concerning Late Paleolithic man is the fact 
that many caves which he occupied have their walls decorated with 
drawings and even pictures in colors—veritable art galleries. One of 
the finest examples is the Altamira cavern in northern Spain. “As we 
gaze at the pictures one of the first things to impress us is the excellence 
of the drawing, the proportions and postures being unusually good. The 
grand bison and the charging boar are masterpieces in this respect (Fig. 
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388). The next observation may be that, in spite of this perfection of 
technique, there is no perspective composition—that is, no attempt to 
combine or group the figures (Figs. 389, 390)- • • ■ addition to 
these remarkable sketches in colors, the other walls of Altamira have 
numerous figures in black outline and also engravings. ... It is also 
clear that the work of many different artists is represented, covering a 
considerable period of time. The walls show traces of many other paint¬ 
ings that were erased to make way for new work (C. Wissler). 

Many other caves containing works of art have been discovered in 

northern Spain and in France. 

The appearance of true man ‘*was an event which in importance 


Fig. 



390. Line cut copy of a Paleolithic paintinR in the cave at Copul, Spain^ 
This is perhaps the only known attempt to Portray human * 

Cartailhac and Breuil, courtesy of the American Museum of Natural Histor>.) 


ranks with the advent of life upon the planet, and marks a new mani¬ 
festation of creative energy upon a higher plane. There now appeared 
intelligence, reason, a moral nature, and a capacity for self directe 
progress such as had never been before on earth” (W. H. Norton). 

Neolithic Man. So far as known the Late Paleolithic passed gradu¬ 
ally into the Neolithic or recent stone age when man was more highly 
developed and similar in structure to present-day man. The stone im¬ 
plements of Neolithic man were usually more perfectly made and often 
polished. Neolithic man lived for thousands of years during the earlier 
post-Glacial or Recent epoch, but various less civilized people of today 
still practice Neolithic culture. “The remains of Neolithic man are 
found, much as are those of the North American Indians, upon or near 
the surface, in burial mounds, in shell heaps (the refuse heaps of their 
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settlements), in peat-bogs, caves, recent flood-plain deposits, and in the 
beds of lakes near shore where they sometimes built their dwellings upon 
piles. . . . Neolithic man in Europe had learned to make pottery, to 
spin and weave linen, to hew timber, and build boats, and to grow 
wheat and barley. The dog, horse, ox, sheep, goat, and hog had been 
domesticated.”' Neolithic culture spread over most of Europe, and it 
gradually passed into the (present) historic age. This culture may be 
said to have marked the beginning of true civilization approximately 
15,000 years ago. 

Antiquity of Man in North America. There is no well-proved evi¬ 
dence for man’s existence in North America earlier than very Late 
Pleistocene time. “The association of man in America with certain 
fossil forms is unquestioned, and there is a growing body of evidence 
strongly suggesting his contemporaneity with a considerable number of 
mammalian types no longer living. Such contemporaneity, however, by 
no means indicates any remote geological antiquity for man on this con¬ 
tinent, and there is at present almost no paleontological evidence sug¬ 
gesting his presence here at a time earlier than that of the withdrawal 
of the last Pleistocene ice sheet” (A. S. Romer, 1935). 

Among the most interesting discoveries in North America were the 
finding of what are claimed to be human (stone) implements, associated 
with remains of extinct animals (presumably Late Pleistocene), near 
Vero and Melbourne, Florida; Folsom, New Mexico; Colorado, Texas; 
Fort Collins, Colorado; and Frederick, Oklahoma. In Florida human 
remains, with charcoal and pottery fragments, are associated with those 
of extinct animals, including two species of elephants. At the Folsom 
locality many rough, stone arrowheads or spearheads were found well 
below the surface associated with the bones of an extinct species of bison. 
Folsom-type implements, together with bones of extinct animals, have 
been found in various parts of the southwestern United States. In all of 
these cases it is a problem as to whether man lived in Late Pleistocene 
time, or that the associated remains of now extinct animals represent 
forms which lived on into post-Pleistocene time. 

As late as 1931 a human skeleton was unearthed from glacial lake 
clays in Minnesota. The skull, plainly belonging to Homo sapiens^ has 
extra-large teeth and distinct mongolian affinities. The undisturbed 
clay bedding shows that the person died while the lake existed in front 
of the waning ice sheet. 

‘ W. H. Norton: Elements of Geology, p. 448. 
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Concluding Statements. “Man, in respect to the high develop¬ 
ment of his brain and other characters, may well represent an early 
stage in the differentiation of a virtually new class of vertebrates. The 
paleontological record shows repeatedly that, in the long past, once a 
new class gets started, it runs for hundreds of millions of years. . . . 
In view of the nearly world-wide distribution of Homo sapiens, it 
would be hard to imagine any purely terrestrial epidemic or insect 
scourge that could wipe him out over his entire range. . . . Mankind 
should be a ‘good risk’ for survival for an indefinite period” (W. K. 


Gregory). 

Charles R. Darwin, referring to the great doctrine of organic evo¬ 
lution in the last sentence of his “Origin of Species,” says: “There is 
grandeur in this .view of life with its several powers having been origi¬ 
nally breathed by the Creator into a few forms or one; and that, while 
this planet has gone circling on according to the fixed law of gravity, 
from so simple a beginning, endless forms most beautiful and most 

wonderful have been, and are being, evolved.” 

P. E. Raymond, in the last paragraph of his book on Prehistoric 
Lije^ says, in regard to man, that “he alone is conscious of his position 
in the world, and, that, largely because of written records. Cats and 
dogs and birds and innumerable other animals teach their young enough 
to enable them to get along more or less successfully, but they lack fore¬ 
sight because they have but a limited hindsight. Man will, like the 
dinosaurs, follow a royal road to destruction unless he heeds the warn 
ings of past history. Just at present he appears to be heading toward 
another dark period like that of the Middle Ages. Despotism seems to 
be coming back into fashion. Let us hope it is nothing more than a 
threat, for with it would come all the evils of the feudal system. Like 
any other animal, man prefers to be ruled, bossed, and herded, because 
it saves him the trouble of thinking. Thousands of years may pass be¬ 
fore he learns to use his single unique organ, the specialized brain. But 
I do not wish to be unduly pessimistic. There is still abundant time to 
change. At the worst, we know that dark ages have come and gone. 
Men have built new structures on the ruins of the past. Records of 
some sort survive, and much is learned from them. . . . Let us hope 
that man will learn to direct his future by his knowledge of the 


J. D. Dana, a great nineteenth century geologist, has said: “Man is 
'P. E. Raymond: Prehistoric Life, Harvard University Press. i 939 - 
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linked to the past through the system of life, of which he is the last, the 
completing creation. But. unlike other species of that closing system of 
the past. he. through his spiritual nature, is more intimately connected 
with the opening future.” 



APPENDIX 


OUTLINE CLASSIFICATIONS OF 
PLANTS AND ANIMALS 

General Statement 

Since a knowledge of the classifications of animals and plants and 
the principal characteristics of the more important groups of organisms 
is a fundamental consideration in the study of the life of each period, 
and in understanding the bearings of these life records upon the great 
doctrine of organic evolution, outline classifications of plants and ani¬ 
mals, with simple explanations, are here given. The classifications are 
necessarily very brief, and no great degree of biologic refinement is in¬ 
tended. Rather the purpose is to have a convenient arrangement, essen¬ 
tially in biologic order, of the principal groups of organisms, commonly 
occurring as fossils, to form a simple basis for the discussion of the life 
of each period of geologic history as presented in this textbook. 

Organisms are divided into many groups, such as kingdoms (e.g., 
plant and animal), subkingdoms or phyla, classes, orders, families, gen¬ 
era, and species. A species is “the smallest group of plants or animals 
having certain characters in common that make them different from all 
other plants or animals” (G. W. Hunter). Species are grouped together 
into larger subdivisions called genera (singular “genus ), etc. The 
scientific name of an organism generally consists of two words the first 
signifying the genus and the second the species, as, for instance, Arche- 
opteryx macrura,” which literally means “primitive winged creature 
with a long tail,” and is the name of the earth’s first known bird. 

I. In Seedless Plants the reproductive organs are single cells called 

spores. 


I. Thallophytes show “no definite axis of upward growth, and no 
distinction of root, stem, and leaf. They consist of cellular tissue, being 
entirely destitute of wood.” In general there are two groups of thallo¬ 
phytes—algae and fungi—the former containing chlorophyll and able 

S 2 S 
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I. Seedless Plants 


PLANTS 

1. Thallophytes (e.g., algae and fungi). 

2. Bryophytes (e.g., mosses and liverworts). 
• 3. Pteridophytes (e.g., ferns). 

4. Arthrophytes (e.g., horsetail rushes). 

5. Lepidophytes (e.g., club mosses). 


11. Seed Plants 

(Sl’ERMATOPHYTES) 


I. Gymnosperms 
(Naked 
seeds) 

. 


1. Pteridosperms (“seed ferns”). 

2. Cordaites. 

3. Cycads (e.g., “sago palms”). 

4. Conifers (e.g., pines, spruces, and 

sequoias). 


2. Angiosperms 
(Enclosed 
seeds) 


1. Monocotyledons (e.g., grasses, 

grains, palms, and lilies). 

2. Dicotyledons (e.g., most hard¬ 

wood trees, bushes, herbs, and 
familiar open-flowering plants) 


to live upon inorganic substances, while the latter are without chloro¬ 
phyll and live upon organic matter. They consist of single cells or loose 

groupings of cells. Common examples are seaweeds, diatoms, mush- 
rooms, and bacteria. 


2. Bryophytes are like thallophytes in being woodless, but they 
develop a sort of axis of upward growth and possess leafy stems They 

reproduce by spores which must develop in water or in moist places. 
They include mosses and liverworts. 

3. Pteridophytes (e.g., ferns) reproduce by spores which grow on 
^e under sides of leaves. These plants have been much more favorable 
for fossihzation than most of the foregoing, and they assume some im¬ 
portance in the fossil forests, especially of the great Coal Age (Pennsyl¬ 
vanian). These and all later described plants have a clear distinction 
of root, leaf, and stem, with the stem possessing woody fibre. 

4. Arthrophytes have erect growth, hollow or pithy jointed stems, 
and leaves arranged in whorls around the stems (Fig. 114 left) Mod¬ 
ern examples are the “horsetails” which are rushlike plants often seen 
along our streams. The ancient calamites grew to be tall trees during 
the Pennsylvanian period. They reproduced by spores which grew in 
conelike aggregations at the tops of the stems. 

5. Lepidophytes usually have branching, non-jointed stems upon 
which are crowded numerous, small, single-nerved, needlelike leaves. 
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The spores grew at the ends of the stems. Modern representatives are 
the small so-called “ground pines” or “club mosses” so familiar as Christ¬ 
mas decorations. They are not important today, but they grew in great 
profusion during later Paleozoic time (Fig. 114, middle and right). 

II. The Seed Plants comprise all those which reproduce by means 
of seeds. 

1. Gymnosperms, or so-called naked seed plants, include all those 
which do not have their seed inclosed in a case or ovary, and their 
mode of growth is exogenous.^ (i) Pteridospcrms (“seed ferns”) are 
fernlike plants (Fig. 113) which have been recognized as a group inter¬ 
mediate between certain seedless plants and certain seed plants. They 
have long since become extinct, but from the fossil and evolutionary 
standpoints they are important. They possessed seeds without embryo 
plants in them, and they showed certain features intermediate between 
ferns and cycads. (2) Cordaites (Fig. 118) are now entirely extinct, 
but during later Paleozoic time they grew extensively as tall, slender 
trees “with trunks rising to great height before branching, and bearing 
at the top a dense crown, composed of branches of various orders, on 
which simple (strap-shaped) leaves of large size were produced in abun¬ 
dance” (D. H. Scott). The seeds were arranged in loose clusters, not 
cone-shaped. (3) Cycads are palmlike in appearance (Fig. 204), cer¬ 
tain of them being wrongly called “sago palms.” They evolved from 
seed ferns. Cycad seeds are arranged in loose conelike forms. Cycads 
are now not common, but they grew in profusion during Mesozoic time. 
(4) Conifers include the familiar pines, spruces, sequoias, etc. Their 
seeds are arranged in distinct cones. They are usually evergreens with 
needle-shaped leaves. They evolved from the cordaites. Both cycads 
and conifers possess primitive types of flowers. 

2. Angiosperms all have their seeds inclosed in a case or ovary, and 
they possess true flowers and greater complexity of structure than the 
gymnosperms. (i) Monocotyledons, such as the familiar palms, grasses, 
lilies, etc., produce only a single leaf from the germinating seed, are 
endogenous, and usually have parallel-veined, simple leaves. (2) Dico¬ 
tyledons, such as oaks, roses, and all of the familiar open-flowering 
plants, produce two leaves from the embryo, are exogenous, and usually 

* Exogenous plants grow from without; have distinct bark, wood, and pith; and 
show concentric rings of growth, a new ring usually being added each year. Endo¬ 
genous plants grow from within and have neither pith nor concentric rings of growth. 
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have complicated net-veined leaves. They comprise the highest class of 
plants of all time. They made their first appearance during later Meso¬ 
zoic time. 


ANIMALS 


I. Protozoans 
II. PoRiFERS (or Sponges) 
III. COELF.NTERATES 


f I. Foraminifers (calcareous shells). 

< 2. Radiolarians (siliceous shells). 

I 3. Forms without shells (e.g., amoeba). 

{ I. Hydrozoans (e.g., jellyfishes, grapto- 
lites). 

2. Anthozoans (e.g., corals). 


IV. Echinoderms 


I. Pelmatozoans 


2. Astcrozoans 


3. Echinozoans 


1. Cystoids. 

2. Blastoids. 

3. Crinoids (stone lilies). 

t. Ophiuroids (e.g., brittle-stars). 

2. Asteroids (e.g., common starfishes). 

1. Echinoids (e.g., sea urchins). 

2. Holothuroids (e.g., sea cucumbers). 


V. Verms (or Worms). Not important as fossils. 
VI. Bryozoans (e.g., sea mosses). 

VII. Brachiopods (e.g., lampshells). 


VIII. Mollusks 


1. 

2. 


Pelecypods (e.g., oysters, clams). 
Gastropods (e.g., snails). 

1. Tetrabranchs (e.g., 
ammonites, nauti¬ 
lus). 

2. Dibranchs (e.g., 
squids, cuttle¬ 
fishes). 


3. Cephalopods 


IX. Arthropods 


X. Vertebrates 


j I. Trilobites. 

1. Crustaceans I 2. Ostracods. 

I 3. Malacostracans (e.g., 
I crabs). 

2. Arachnids (e.g., spiders, scorpions, eu- 

rypterids, horseshoe crabs). 

3. Myriapods (e.g., centipedes). 

4. Insects (e.g., grasshoppers, flies). 

1. Ostracoderms (e.g., armor fishes). 

2. Fishes. 

3. Amphibians (e.g., frogs, salamanders). 

4. Reptiles (e.g., lizards, snakes). 

S- Birds. 

6. Mammals (e.g., dog, man). 


I. Protozoans are the simplest of all animals. They consist of 
single cells of protoplasm and are without distinct organs. A common 
kind with no shell is the amoeba (Fig. 391). The foraminifers have 
carbonate of lime shells and the radiolarians shells of silica. Though 
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Fig. 39Z. A protozoan (amoeba) 
without a shell. Greatly en¬ 
larged. (From Shimer’s “Intro¬ 
duction to the Study of Fossils,” 
courtesy of The Macmillan Com¬ 
pany.) 



Fic. 392. Shelled protozoans 
(foraminifers). (From Shi- 
mer's “Introduction to the 
Study of Fossils,” courtesy of 
The Macmillan Company.) 


very small, these shells have frequently built up limestone (chalk), or 
chert beds. Protozoans are aquatic. 

II. PoRiFERS or Sponges, which are the simplest of the many-celled 
animals, are saclike forms supplied with numerous pores or canals 
through which water containing food circulates to feed the cells. Dis¬ 
tinct organs are lacking. Most sponges have either siliceous or cal- 
cereous skeletons. Sponges are aquatic. 



Fig. 393. Sponges on a shell. (Courtesy of the American Museum of Natural 

History.) 
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III. CoELENTERATES are also very simple, many-celled, aquatic ani¬ 
mals, but they possess distinct mouth, body (or stomach) cavity, and 
usually have radiating tentacles surrounding the mouth. The canal 
system of the sponges is absent. Hydrozoans are little creatures con- 



Fic. 394. Modern hydrozoans. Part of a colony much enlarged. (From Schuch- 
crt’s “Historical Geology," permission of John Wiley and Sons.) 



Fig. 395 - A group of modern corals showing the internal structure of one in¬ 
dividual. Much enlarged. (After Pfurtscheller, from Schuchert’s “Historical 
Geology,” permission of John Wiley and Sons.) 
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A Be 

Fie. 398. Modern echinoids (“sea-urchins”). A, with spines in position; B, C, 
with spines removed. (After Coe. from Schuchert’s “Historical Geology,” per¬ 
mission of John Wiley and Sons.) 

sisting of tubelike sacs with mouth at one end surrounded by tentacles. 
Anthozoans are very much the same, but have a more or less distinct 
esophagus, and have the body cavity divided by radiating vertical parti¬ 
tions. Some hydrozoans and anthozoans colonize and some do not. 
Among the former, the graptolites (now extinct) are numerous and 
important in Early Paleozoic rocks, while the latter or corals have always 
been prominent since rather early Paleozoic time. 

IV. Echinoderms possess a distinct body cavity which contains the 
digestive or alimentary canal, distinct nervous system, and a water circu¬ 
latory system. Most echinoderms are radially segmented and protected 
by shells, but they vary greatly in size and shape. They are marine 
animals, i. Pclttiatozoans are characterized by having segmented stems 
by which they are attached to the sea-floor or some object during at 
least part of their -existence. Among pelmatozoans, the cystoids are 
small, bladder-like forms with irregular radial arrangement of plates 
of the shell and arms wholly absent or only slightly developed; the 



Fic. 399. Bryozoans: A, portion of modern colony seen from above (xis) ; C, an 
individual c-xpanded; D, fossil form. A-C after Verrill and Smith; D, from 

Ulnch. (From Shimer’s “Introduction to the Study of Fossils," permission of 
The Macmillan Company*) 
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blastoids are budlike forms with plates of the shell in very regular radial 
order, and without arms; and the crinoids are lily-like forms with regu¬ 
lar radial arrangement of plates of the shell, and with long, feathery 
arms surrounding the mouth. 2. Aster- 
ozoans are the free-moving, star-shaped 
echinoderms usually with five arms or rays 
radiating from a central disk. Of these 
the ophiuroids (brittle-stars) have slender, 
flexible rays very distinct from the central 
disk, while the asteroids have thicker rays 
not so sharply separated from the central 
disk, and the alimentary canal extends into 
the rays. 3. Echinozoans are not free- 
moving, are without free arms, and are 
stemless. Of these the echinoids (sea 
urchins) have hard shells made up of 
calcareous plates usually immovably joined 
and covered with numerous movable 
spines; and the holothuroids (sea-cucum¬ 
bers) are soft bodied, with leathery covering, tentacles around the 
mouth, and skeletons of scattering limy spicules. 

V. Vermes or Worms include a large group of forms more com¬ 
plex in organization than the preceding groups. Some are segmented 
and others are not. Since hard parts are very rarely developed, the 
worms are of no great importance as fossils, their presence usually being 
indicated by trails, burrows, or tubes made in mud or sand. 

VI. Bryozoans are tiny animals outwardly resembling certain hy- 
drozoans and anthozoans, but differing from them in having an alimen¬ 
tary cavity and well-developed nervous system. Around the mouth they 



Fic. 400. Brachiopod shells 
(fossil forms). The lower 
one shows interna! spiral 
supports. 



Fig. 401. A modern pelecypod. A, side view; B, end view. (After Howes, from 
Schuchert’s “Historical Geology,” permission of John Wiley and Sons.) 
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have a sort of collar or ridge which bears fringelike respiratory tentacles. 

t _ 

They form tiny mosslike tufts which nearly always colonize. They have 
tiny limy or chitinous skeletons (Fig. 399). 

VII. Brachiopods are anatomically much like bryozoans, but in 
outward appearance they are very different. Absence of distinct head 
and foot, and lack of locomotive power, distinguish them from the mol- 
lusks. Brachiopods have two shells (valves)—top and bottom— enclos¬ 
ing the soft body of the animal which contains two long, limy, variously 



Fic. 402. Gastropods; A and B, marine forms; C, land snail. (From Schuchert’s 
“Historical Geology,” permission of John Wiley and Sons.) 


shaped, sometimes coiled, supports. In fossil form the brachiopods are 
most readily distinguished from certain mollusks (pelecypods), which 
are also bivalves, by the bilateral symmetry of the shells. That is, a 
plane of symmetry may be passed through the valves at right angles to 
the hinge line. Brachiopods are very abundant as fossils, especially in 
Paleozoic marine strata. 

VIII. Mollusks, like brachiopods, lack segmentation, but they are 
more highly organized with more or less distinctly developed body and 
locomotive organs. Both aquatic and land forms are common. They 
can crawl, swim, or burrow. Nearly all have shells (generally exter¬ 
nal), and gills for respiration, i. Pelecypods (e.g., oysters and clams) 
are supplied with two external shells—right and left—nearly alike and 
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hence they are bivalves, but they differ from brachlopods (also bivalves) 
in the absence of bilateral symmetry. The head is less distinct than in 
the other mollusks. 2. Gastropods (e.g., snails) have distinct head with 
eyes and one or two pairs of tentacles, and they are almost invariably 
covered by a one-chambered shell. 3. 

Cephalopods have well-defined foot; 
head armed with tentacles; and large 
complex eyes. They propel themselves 
rapidly by forcible ejection of water. 

Tetrabranchs (e.g., modern pearly nau¬ 
tilus) are the so-called chambered 
cephalopods because the external shell, 
straight or coiled, is divided into com¬ 
partments. They are four-gilled and 
with numerous tentacles. Dibranchs 
(e.g., so-called cuttlefishes) are two- 
gilled; with either eight or ten tentacles; bag for secreting an inky fluid; 
and almost invariably without external shell. Usually there is a sort 
of cigar-shaped internal shell. Mollusks of all classes have been abun¬ 
dantly preserved in rocks of all but the early geologic ages. 

IX. Arthropods are highly characterized by longitudinal body 
segmentation; jointed appendages (usually a pair from each segment); 
and usually by a pair of nerve centers in each segment, i. Crustaceans 



Fig. 403. A modern chamber- 
shelled cephalopod (Nautilus) 
showing the internal shell 
structure. 



Fic. 404. A modern squid. (After J. H. Blake, from Shimer’s “Introduction to 
the Study of Fossils,” permission of The Macmillan Company.) 

(e.g., lobsters and crabs) are water animals breathing by means of gills 
or through the body; usually with two pairs of well-developed antennae 
• ^nd covered with a chitinous or calcareous crust or shell. 
The Paleozoic trilobites were low-order crustaceans. 2. Arachnids 
(e.g., spiders and scorpions) have a head-thorax portion with six pairs 
of appendages and an abdominal portion usually with no appendages. 
They have no antennae. They are mostly land arthropods breathing by 
means of air sacs, and with four pairs of legs. Aquatic forms are rep- 
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resented by horseshoe crabs and Paleozoic eurypterids. 3. Myriapods 
(e.g., centipedes) are land arthropods with numerous legs; one pair of 
antennae; and no wings. 4. Insects (e.g., grasshoppers and butterflies) 
are also land arthropods with one pair of antennae, but with three pairs 
of legs, and nearly always with wings. 

X. V^ERTEBRATES are eminently characterized by the possession of a 
vertebral column, which, in all but the very low forms, is a thoroughly 
ossified backbone. Vertebrates include the highest known of all animals. 
I. Ostracoderms (e.g., armor fishes, now wholly extinct) are among the 
very simplest of vertebrates (see Fig. 151). They are of particular 
interest from the standpoint of the evolution of the fishes and higher 
vertebrates. Characteristic features are given above in connection with 
the life of the Devonian period. 2. Fishes always live in water; have 
distinct cartilaginous or bony vertebral column; distinct jaws; pairs of 
fins; and gills. Subclasses are described in Chapter XVIII. 3. Am¬ 
phibians (e.g., frogs and salamanders) live either in water or on land. 
In the early stage of development of the individual (e.g., tadpole stage), 
they are aquatic, and breathe by gills, while in the adult stage they 
breathe by lungs and are largely terrestrial in habit. They never have 
fins. 4. Reptiles (e.g., snakes and crocodiles), though in many ways 
like amphibians, never have gills, and always have scales or bony plates 
developed from the skin. They are the most highly organized cold¬ 
blooded animals. 5. Birds are plainly distinguished from all other ani¬ 
mals by their covering of feathers. They are too familiar to need special 
description. They are warm-blooded creatures with well-developed 
heart and circulation of blood. 6. Mammals (e.g., dog and man) in¬ 
clude the highest of all organisms, a characteristic being that they all 
suckle the young. They are mostly quadrupeds, covered with hair, and 
dwellers on land. The whale is an exceptional mammal. 

Vertebrate fossils are common and of special interest because they 
show the development of the higher animals. The simplest (ostraco¬ 
derms) have been found in rocks of Ordovician age (see above), and 
higher and higher forms were gradually introduced and developed until 
the most complex mammals appeared in comparatively recent time. 
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Animals, Proterozoic, 99; Paleozoic, 
219-262; Mesozoic, 327-357; Ceno- 
zoic, 487-522; classification of 527- 

536 


Animikian series, 68, 88 
Antarctica, 478 
Antevs, E., 476 

Anthozoans, 221, 222, 223, 224, 225, 
328, 530. 532 
Anthracite, 175, 184, 187 
Anthrolycosa, 246 
Anthropoids, 508 
Antietam quartzite, 106 
Antiilia, 115 
Ants, 338 

Apache series, 80, 95 

Apes, 508, sog; ape man, 509-S14 

Apion, 490 

Appalachia, Cambrian, 114, 115; Or¬ 
dovician, 125, 129; Silurian, 140; 
Devonian, 155; Mississippian, 
168; Pennsylvanian, 179; Per¬ 
mian, 199, 200, 202; Cretaceous, 
310 

Appalachian geosyncline. (See geo¬ 
synclines) 

Appalachian region, Archeozoic, 79; 
Proterozoic, 90, 91; Cambrian, 

105, 106, 107, 108; Ordovician, 
120, 123, 124, 126, 128; Silurian, 

134, 135, 136, 137, 138, 139. 140; 

Devonian, 149, 150, 151. 158, 159; 
Mississippian, 168, 170; Pennsyl¬ 
vanian, 173, I 74 i 175* 176, 178, 
187; Permian, 190, 192, 198-204; 
Cretaceous, 316, 317, 318; Ceno- 
zoic, 383-389 

Appalachian Revolution, 198-204 
Appalachians, Older, 195, 202, 384; 
Newer, 384; Ridge-Valley prov¬ 
ince, 384 
Aquia group, 361 
Arachnids, 243, 244, 535 
Arbuckle Mountains, 123, 158 
Archean. (See Archeozoic) 
Archeopteryx, 324, 352-353 
Archeosigillaria, 213 
Archeozoic, era, 65-84; nature and 
origin of rocks, 65, 66; distribu- 
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tion of rocks, 67; subdivisions of 
rocks, 68, 69; Lake Superior— 
Lake Huron region, 69-75; south¬ 
eastern Canada and northern New 
York, 75-79; elsewhere in North 
America, 79-82; correlation of 
rocks, 82; life and climate, 82-83; 
economic products, 83-84; for¬ 
eign, 84 

Arizona, 80, 94, 95, 178, 192, 193, 
266. 267, 268, 269, 282, 284, 325, 
347 . 398, 400 

Arkansas, 168, 178, 186, 280 
Armadillo, 505 
“Armor fishes,” 536 
Arthrodirans, 249, 251, 253 
Arthrophytes, 213, 214, 215, 216, 
321. 526 

Arthropods, 239-247, 261, 336-338, 
488-490, 535, 536 
Artiodactyls, 494, 497, 498, 499 
Arundel formation, 302 
Asphalt, fossils in, 20, 21, 506 
Asterozoans, 225, 227, 228, 231, 237, 

^ 328, 531, 533 
Asuncion group, 302 
Atikokania, 83 

Atlantic Coast, 266, 267, 271-275 
Atlantic Coastal Plain, 301, 302, 308, 
310. 361-364, 382, 384 
Atwood and Atwood, 392, 395 
Aurignacian age, 509 
Ausable Chasm, 107, 468 
Austin chalk, 302, 303 
Australia, 100, 204, 205, 298, 507 
Australopithecus, 509, 510, 512 
Avicenna, Axeman limestone, 120 

Baculites. 333, 334 
Bad Axe formation, io6 
Badlands, 367, 368, 391 
Balcones fault, 310 
Baltimore gneiss, 79 
Baluchitherium, 479, 498 
Barstow formation, 361, 370 
Basin and Range Province, 123, 138, 
191, 399. 400. 402, 403 
Batholiths, Archeozoic, 68. 70, 74, 
75 , 77 , 79 . 80; Proterozoic, 68, 90 ' 
Paleozoic, 151, 190, 195, 202, 293; 
Mesozoic, 282, 292, 293, 29s, 296, 
315 

Becraft limestone, 148 


Bedford limestone, 162, 170 

Beekmantown limestone, 120, 122 

Bees. 338 

Beetles, 247, 336 

Belcher Mountains, 98 

Belemnites, 336 

Belemnoteuthis, 336 

Belgium, 170 

Bellefonte dolomite, 120 

Belt series, 92 

Belt Sea, 97 

Benton shale, 302 

Bentonite, 128 

Berea sandstone, 170 

Bernhardi, 435 

Berry, E. W., 348, 519 

Bertie limestone, 135 

Big Blue series, 192 

Big Horn Range, 80, 93, 314 

Big Saline group, 174 

Big Snowy group, 162 

Birds, 352-354, 491, 493, 506, 536 

Bisher formation, 135 

Bisons, 506 

Black Hills, 314, 391 

Black River group, 120, 122 

Black Rock limestone, 120 

Blakeley formation, 361 

Blastoids, 225, 226, 531, 533 

Bloomsburg Red Beds, 135 

Blue Canyon formation, 162 

Bluefield group, 162 

Bluestone group, 162 

Bossier formation, 280 

Bosworth formation, 106 

Boulder clay. (See till) 

Brachiopods, 229-233, 236, 241, 261, 

^ 329, 533 . 534 
Bradford group, 174 

Bradley, W. H., 397 

Branchiosaurs, 256 

Brassfield limestone, 135 

Brazer limestone, 162, 163 

Bridger formation, 361, 366 

Briones formation, 361 

British Columbia, 19, 124, 128, 139. 

142, 151, 165, 196, 198, 270, 280, 

288, 348, 

British Isles, 103, 133, 144, I 59 . 

170, 189, 278, 279, 299, 320, 432, 

443 . 434 . 510 
Bronteus, 242 

Brontotherium, 493 
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Brooks, W. K., 209 
Brooksella, 99, 220 
Bruce series, 68, 88 
Brule formation, 367 
Bryce Canyon, 365, 366 
Bryophytes, 526 

Bryozoans, 228, 229, 241, 261, 532, 
533 

Bucher, W. H., 49 
Buckner formation, 280 
Bumastus, 242 
Bunter series, 277 
Burlington limestone, 161, 162 
Butterflies, 338, 536 
Byram limestone, 361 

Cabot Head shale, 135 
Caddo Creek group, 174 
Calaveras group, 162, 163 
Caledonian Revolution, 145 
California, 20, 21, 42, 45, 51; Arche¬ 
ozoic, 80, 81; Proterozoic, 95, 96; 
Cambrian, 108, 110, in; Ordovi¬ 
cian, 123; Silurian, 139, 142; De¬ 
vonian, 151, 155; Mississippian, 

165, 167; Pennsylvanian, 177; Per¬ 
mian, 194, 198; Triassic, 270, 271; 
Jurassic, 280, 281, 282, 283, 288, 
289, 290, 291, 292, 294-296, 297, 
298; Cretaceous, 302, 307, 312; 
Cenozoic rocks and physical his¬ 
tory, 361, 367, 369. 372, 373 . 374 . 
375 . 376, 377 . 405. 409-413. 414. 
41s, 416, 417, 418, 419, 420-425, 
428, 429, 430, 446, 447 , 44S; Cen¬ 
ozoic life, 483, 484, 486, 487, 489, 
490, 506, 507 
Callithamnopsis, 212 
Calvert formation, 361 
Calymene, 231, 242 
Cambrian, period, 103-117; origin of 
name, 103; distribution of rocks, 
104, los; divisions of system, 105, 
106; description of rocks, 107-110; 
physical history, 110-115; climate, 
115; life, 116; economic products, 
116-117; European, 117 
Camels. (See artiodactyls) 

Camillus shale, 135 
Camphor trees, 484 
Canada. (See various provinces) 
Canadaway group, 148 
Canadia, 114, 115, 125, 126 


Canadian series, 120 
Canadian Shield, 390 
Candelaria formation, 266 
Cannon limestone, 120 
Canyon series, 174, 177 
Capay formation, 361 
Cape Horn slate, 162 
Capitan limestone, 194 
Carboniferous period. (See Missis¬ 
sippian and Pennsylvanian) 
Carbonization, 13, 14 
Cardiola, 233 

Carmel limestone, 280, 286 
Carnivores. 494, 503, 504 
Carolina gneiss, 80 
Carpathians. 432, 433 
“Cartilage fishes.” (See dipnoans) 
Cary glacial substage, 442 
Caryocrinus, 226 
Cascade Range, 406-409 
Cascadia, 114, 115, 125, 155, 276, 
290, 291 

Castanea sandstone, 135 
Castle Hayne marl, 361 
Casts, of fossils, 13, 14 
Catahoula sandstone, 361, 363 
Cathedral dolomite, 106 
Catopterus, 338 

Catskill, Mountains, 441; sandstone, 

148, 150, 154; delta, 154 

Cattaraugus group, 148 
Caucasus Mountains, 433, 477 
Cayugan series, 135, 138, 142 
Cayuta formation, 148 
Cedarville dolomite, 135 
Cenozoic, era, 358-524; rocks and 
physical history (excluding glacia¬ 
tion), 358-434; Pleistocene glacia¬ 
tion, 435-481; life of, 482-524 
Cenozoic life, 482-524; general state¬ 
ment, 482; plants, 482-487; inver¬ 
tebrate animals, 487-490; verte¬ 
brates, 490-524 

Cenozoic rocks and physical history 
(excluding glaciation), 358 - 434 ; 
origin of name, periods, and 
epochs, 358-359; distribution of 
rocks, 359-361; representative di¬ 
visions, 361; description of rocks, 
361-377; relations of sea and land, 
377-382; regional history, 382-426; 
climate, 427-428; economic prod¬ 
ucts, 428-431; foreign, 431-434 
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Centerville shale, 135 
Centralian glacial epoch. 442 
Cephalopods, 231, 235-238, 331-336, 
487. 535 

Ceratites, 331, 332 
Ceratodus. 250 
Ceraurus, 242 
Cereals, 486 
Cetaceans. 495, 505 
Chalk. 299, 302, 303. 311, 320 
Chamberlin. T. C.. 39, 45. 55, 479 
Chamberlin and Salisbury, 47. 210 
Chambersburg limestone. 120 
Champlain, Valley. 389, 446; Sea, 
389, 463, 464 
Chaney, R. W., 46, 487 
Charles formation. 162 
Charlton group, 361 
Chase group, 192 
Chaumont limestone. 120 
Chautauquan series. 148, 150 
Chazy group, 120, 122 
Chellean age, 509, 512 
Chemung sandstone. 148, 150 
Chepultepec dolomite, 120 
Cherokee shale, 174 
Chester series, 162 
Chestnuts, 484 
Chickasawhay marl, 361 
Chico series, 302, 307 
Chimpanzee, 514 
China, 100. 188, 512 
Chinle formation. 266, 268, 270 
Choptank formation, 361 
Chouteau limestone, 162 
Chronology, earth, 22, 36 
Chuar series, 95 
Cierbo formation, 361 
Cimarron series, 192 
Cincinnatian series, 120 
Cisco series, 174, 177 
Citronelle formation, 361, 364 
Cladoselache, 249 
Claiborne group, 361, 363 
Clams, 534 
Clarke, J. M., 153 
Classes (of animals), 525 
Clayton formation, 361 
Clear Fork group, 192 
Climacograptus, 221 
Climate, past conditions, 22-23 (see 
also various eras and periods) 
Clinton group, 135, 136, 137, 144 


Clipper Gap formation, 162 
“Club Mosses.” (See lepidophytes) 
Coal, Mississippian, 170; Pennsylvan¬ 
ian, 172, 173, 174, 175, 176, 180, 
181, 182, 183, 184, 185, 187, 188; 
origin of. 183-184; Permian, 196, 
205; Jurassic, 298; Cretaceous, 
305, 312, 319; Tertiary, 431 
Coal fields in North America, an¬ 
thracite. 188; Appalachian, 187, 
188; Eastern Interior, 187, 188; 
Michigan. 187, 188; Western In¬ 
terior, 187, 188; Texas, 188; Nova 
Scotia-New Brunswick. 188; Rocky 
Mountains—Great Plains, 319; 
Alaska, 319 

Coal Measures, 172, 189 

Coast Ranges (California), 280, 302, 

413. 414-417 

Coast Ranges Revolution, 415-417 
Cobalt series, 68, 88 
Cobleskill dolomite, 135, 138 
Coburg limestone. 120 
Coccosteus, 250, 251, 253 
Cockeysville marble, 90, 91 
Cockroaches, 246, 336 
Coconino sandstone, 192, 194 
Coelenterates, 220-224, 260, 487, 530, 

532 

Coeymans limestone, 148 
Colbert, E. H., 471-472 
Coldwater sandstone, 361 
Coleman, A. P., 88 
Colorado, 93, 177, 178, 194, 304, 305, 
319, 366, 367, 368, 393, 394, 395, 
396, 489, 490 

Colorado Front Range, 80, 93, 314 
Colorado Plateau, 178, 266, 268, 269, 

_ 280, 283, 291, 306, 307, 397-399 
Colorado series, 302, 304 
Columbia, Plateau, 402-406; River, 
405, 407, 470 
Columbus limestone, 148 
Comanche series, 302, 303 
Conasauge formation, 106 
Conemaugh series, 174, 175, 176 
Conifers, 219, 325, 326 
Conneaut group, 148 
Connecticut Valley, 266, 267, 268, 
272, 273, 274, 277, 346, 347 
Lonococheague limestone, 106 
Continental drifting, theory of, 46, 

47 
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Continents and ocean basins, rela¬ 
tions of, 44, 45 
Cooke, H. C., 72, 75 
Copper, 102, 277, 320, 431 
Copper Ridge dolomite. 106 
Corals. (See anthozoans) 

Cordaites, 218, 219, 321 
Cordilleran geanticline, 154, 156, 168, 
276, 292, 315, 316 

Cordilleran geosyncline. (See geo¬ 
synclines) 

Cordilleran ice sheet, 436, 43S 
Cordilleran Revolution. 392 
Correlation of formations, 37-41 ^ 
physical criteria, 37-40; biological, 
40-41 

Corydaloides, 246 
Corycium, 83 
Cotter dolomite, 120 
Council Grove group, 192 
Coutchiching series, 69, 70 
Cozy Dell shale, 361 
Crabs, 336, 337, 4S8, 535 
Crater Lake, 408, 409, 410 
Craters of Moon National Monu¬ 
ment, 403 
Creodonts, 503, 504 
Cretaceous, period, 51, 299-320; ori¬ 
gin of name, 299; distribution of 
rocks, 300-301; representative di¬ 
visions, 301, 302; description of 
rocks, 301-307; physical history, 
307-318; climate, 318; life, 319; 
economic products, 319, 320; Eu¬ 
ropean, 320 
Crickmay, C., 288 
Crimea, 519 

Crinoids, 225, 226, 227, 236, 237, 241, 

328, S3I, 533 
Crioceras, 333 
Crocodiles, 352, 536 
Croixan series, 106 
Cro-Magnon man, 509, Si 4 > 51 ^^ 5 i 9 » 
520, 521 

Crossopterygians, 251, 253 
Crown Point limestone, 120 
Crustaceans, 239, 240, 241, 242, 243, 

488, 535 

Curtis formation, 280 
Cryptozoon, 211 
Cuttlefishes, 336, 488, 535 
Cycadophytes, 323 
Cycadeoids, 323 


Cycads. 219, 323, 324 
Cynognathus. 340, 351 
Cynthiana limestone, 120 
Cypresses, 484 
Cyrtoceras, 235, 238 
Cystoids, 224. 226, 531, 532 

Dakota sandstone, 302, 304 
Dana, J. D., 523 
Darwin. C., 12, 523 
Darwin. G., 62 
Dayton limestone. 135 
Deadman limestone, 268 
Death Valley, 274, 368 
Decapods. 336, 337 
Deep Spring Valley (California), 401 
De Geer, Baron, 476 
Dekkas volcanics, 226 
Delaware limestone, 148 
Delaware. River, 384, 385; Water 
Gap. 384 

Delhi formation. 162 
Des Moines series, 174, 175 
Devonian, period. 146-159; origin of 
name, 146; distribution of rocks, 

146, 147; representative divisions, 

147, 148; description of the rocks, 
148-150; physical history, 152-158; 
climate, 158; life, 158; economic 
products. 158. 159; European, 159 

Dicotyledons, 527 

Diastrophism, through geologic time, 
48, 49 

Diatomite, 371. 375 . 43 ^. 484 
Diatoms, 212, 482, 483, 484 
Dibranchs, 336, 535 
Dictyonema, 221 
Didymograptus, 221 
Dikellocephalus. 105, 241 
Dimetrodon, 258 

Dinosaurs, 340, 34 i- 35 o; footprints, 
346, 347; eggs, 348, 349; brains, 
349; extinction of, 349-350 
Dinwoody formation, 226 
Diplodocus, 342 
Diplograptus, 221 
Diplomystus. 491 
Diplovertebron, 254 
Dipnoans, 249, 250, 253 
Dipterus, 250, 253 
Disconformity, 41, 42 
Doedicurus, 505 
Dome limestone, 106 
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Domengine formation, 361 
Dore series, 68, 72 
Double Mountain group, 192 
Douglas group, 174 
Dragon flies. 215, 246 
Drift, glacial, 448, 453 
Drifting, continental, 46, 47 
Driftless areas, 444, 445 
Drumlins, 451, 452, 455 
Dunkard formation, 192 
Dust Cloud hypothesis, 58 
Du Toil, 204 

Eagle Ford Shale, 302 
Eagle Mills formation, 280 
Eardley, A. J., 156 
Earth, age of, 10; origin and pre¬ 
geologic history of, 53-59; interior 
of, 60-64 

Eastern Highland region, 272, 276, 
293> 294, 316, 317, 382-389 
Eau Claire formation, 106 
Echinoderms, 224-228, 260, 328-329, 
487. S31. 532, 533 

Echinoids, 225, 227, 328, 329, 532, 
533 

Echinozoans, 533 
Eden group, 120 
Edentates, 504 
Edinburg limestone, 120 
Eels, 248 

Elbrook formation, 106 
Eldon dolomite, 106 
Eldoran glacial epoch, 442 
Elephants. (See proboscidians) 
Elephas, 500, 501 
Elms, 327 
Elvira group, 162 
Emerson, B, K., 274 
Enaliosaurs. 339, 340, 341, 342 
England. (See British Isles) 
Entrada formation, 280 
Eoanthropus, 510 

Eocene epoch, 358, 359, 361, 362, 
363, 365, 366, 372, 373, 378 
Eohippus. 495, 496 
Eolithic age, 509 
Eoscorpius, 246 
Eospermatopteris, 213 
Eozodn, 83 
Epoch, geologic, 8 
Equus, 493 
Eras, geologic, 8, 9 


Eratosthenes, 20 
Erian series, 148, 150 
Erratics. (See glacial boulders) 
Erwin quartzite, 106 
Eryops, 215, 255 
Eskers, 455, 456 
Esopus formation, 148 
Estill shale, 135 
Etchegoin formation, 361 
Eucalyptocrinus, 226 
Euphemia dolomite, 135 
Eurypterids, 243, 244, 536 
Eurypteris, 244 
Eusthenopteron, 251 
Eutaw formation, 302 
Evolution, of life, 23, 24, 25-29; evi¬ 
dences of, 25, 26; factors of, 26-28; 
of man, 28, 29 
Excelsior formation, 266 
Exogyra, 330, 331 

Fall Zone peneplain^ 317 
Favosites, 223 
Fern Glen limestone, 162 
Ferns, 214, 217, 321, 484 
Femvalle limestone, 120 
Fig trees, 327, 484 
Filicales. (See ferns) 

Finger Lakes, 446, 460, 461, 466 
Finland, 237, 247, 249-254, 338, 490, 

491, 536 

Flattop peneplain, 393 
Flies, 336 
Flint, R. F., 480 
Florida, 302, 364, 522 
Florissant shale, 361, 368, 397, 489, 
491 

Fluvio-glacial deposit, 45 
Footprints of Dinosaurs, 16, 346-348 
Foraminifers, 219, 487, 528, 529 
Fordham gneiss, 80, 91 
Formations. (See rock formations) 
Fort Hall formation, 266 
Fort Mountain sandstone, 106 
Fort Union group, 361, 365 
Fossils, 12-24; preservation of, 12- 
16; rocks in which they occur, 16, 
17; collecting, 18, 19; significance 
of, 19-24; early views concerning, 
20-22; earth chronology, 22; past 
geographic conditions, 22; past cli¬ 
matic conditions, 22, 23; evolution 
of life, 23, 24 
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Fountain limestone, 177 
Fox, Arctic, 506 
Fox Hills sandstone, 302 
France, 117, i 45 . i 59 . ^ 71 . 189, 205, 
299, 432, 433, 518, 520 
Franciscan formation, 280, 281 
Franciscan geosyncline, 289-291 
Fredericksburg group, 302, 303 
Fusilines, 219 

Gabbs formation, 266 
Galesville formation, io6 
Gamow, G., 47, 62 
Ganoids, 249, 250, 252, 253, 338 
Garden of the Gods, 178 
Gas, natural, 133, 144. 158, 170, 188, 
205, 428 

Gasconde dolomite, 120 
Gastropods, 231, 234, 236, 241, 331, 
487, 488, 534, 535 
Genes, 27 

Genesee group, 148, 150 
Geneseo shale, 148, 150 
Genus, 525 

Geologic and human history com¬ 
pared, 11-12 
Geologic divisions, 9 
Geologic maps, 32, 33 
Geologic time, 8-11; classification of. 
8, 9; main divisions of, 9; length 
of, 10 

Georgia, 363, 483, 488 
Geosynclines, significance of, 49, 50 J 
Appalachian, 50, 114, 126, 129, 
i 55 > 157, 183, 199. 200, 204; Cor- 
dilleran, 50, 97, ii4i ^26, 155, i 5 fi» 

157, 168, 182, 197, 198, 276, 313, 
314; Franciscan, 289, 290, 291, 
312; Ouachita, 157-158, 183; Gulf 
Coast, 382, 383 

Germany, 145, 159, 171, 189, 205, 
206, 264, 277, 278, 280, 298, 432, 

433 . S16 

Gilmore City limestone, 162 
Ginkgos, 219, 321, 322 
Glacial boulders, 450, 451, 452, 453 
Glacial deposits, 88, 89, 100, loi, 

158, 194, 204, 205, 206, 367, 395. 
408, 410, 421, 425, 427, 438, 443, 
448-456 

Glacial epoch. (See Pleistocene gla¬ 
ciation) 


Glacial lakes, 455, 456 
Glaciation, Proterozoic, 88, 89, 100, 
loi; Devonian, 158; Permian, 204- 
205; Cretaceous, 318; Eocene, 
395 , 427; Pleistocene, 43S-481 
Glacier National Park, 92. 98, 314, 
315, 31b, 394. 447 
Glenarm system, 91 
Glen Canyon series, 270, 280, 283, 
284 

Glossopteris, 219 
Glyptodonts, 504, 505 
Gold, 84, 295, 297. 410. 429, 431 
Gomphotherium. 499, 500 
Goniatites, 239 
Goodenough formation, 106 
Goodsir formation, 106 
Graford group. 174 
Graham group, 174 
Grand Canyon of Arizona, 1-4, 80, 
94, 95, 99. 163, 192, 193, 194, 195, 
398, 399 

Grand Canyon system, 94, 95 
Grand Coulee, 470, 472 
Grandian glacial epoch, 442 
Grand Teton National Park, 79, 80 
Graphiocrinus, 227 
Graphite, 84 

Graptolites, 220, 221, 231, 532 
Grasses, 327, 486 
Grasshoppers, 336, 536 
Great Basin. (See Basin and Range 
province) 

Great Lake history, 457 - 4 b 5 
Great Plains, 302, 304-306, 311, 312, 
365, 368, 390, 391 
Great Salt Lake, 402 
Great Smoky Mountains, 383, 384 
Great Valley of California, 416, 417 
Greenbrier limestone, 162 
Greenfield dolomite, 135 
Greenhorn limestone, 302 
Greenland, 436 

Green River formation, 361, 366, 396, 
397 

Greenup limestone, 174 
Gregory, W. K., 35s, 523 
Grenville system, 75 - 77 , 78-79 
Grimsby sandstone, 135 
“Ground pines.” (See lepidophytes) 
Gryphea, 331 

Guadalupe series, 192, 193 
Guelph dolomite, 13s, I 37 
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Gulf Coastal Plain, 293, 302, 303, 
308, 310, 361-364, 382 
Gulf Coast geosyncline, 382, 383 
Gulf series, 302 
Gumbotil, 451, 474 
Giinz ice sheet, 477 
Gymnosperms, 217-219, 321-326, 527 
Gypsum, 131, 138, 142, 144, 163, 
166, 168, 192, 194, 196, 197, 198, 
206, 277, 432 

Gypsum Spring formation, 280 

Hamberg group, 162 
Halysites, 223 
Hamilton group, 148, 150 
Hannibal limestone, 162 
Hardgrave sandstone, 280 
Harrisburg surface, 386, 388 
Hastings system, 75-76 
Hattiesburg clay, 361 
Hawaiian Islands. 434 
Hawthorn formation, 361 
Heath formation, 162 
Heidelberg man, 509, 511 
Helderberg group, 148 
Helioceras, 333 
Hemiaster, 329 
Hemingford group, 361 
Hermit shale, 192, 194 
Herodotus, 20 
Hesperornis, 353, 354 
Hexacoralla, 222, 224, 328 
Hildebrand, S. F., 248 
Himalaya Mountains, 432, 433 
Hingham sandstone, 266 
Hinton group, 162 
Historic age, 509 

Historical geology, meaning of, i, 
5-7 

History, human and geologic com¬ 
pared, 10, II 

Hogs, Miocene, 497, 498, 499 
Holoptychius, 253 
Holothuroids, 225, 533 
Homo sapiens, 519-523 
Hooton, E. A., 517 
Horizon, geologic, 36 
Horses. (See perissodactyls) 
“Horsetail rushes.” (See arthro- 
phytes) 

Horsetown group, 302, 307 
Hosselkus limestone, 266 
Howell formation, 106 


Hudson Bay, 390 
Hudson formation, 106 
Hudson, Highlands of, 386; River, 
385, 386; Valley, 388, 389 
Huntersville chert, 148 
Huntington, E., 479, 480 
Huronian system, 68, 87, 88, 89 
Hydrozoans, 220, 221, 530 
Hypsocormus, 338 

Ice Age. (See Pleistocene glacia¬ 
tion) 

Ichthyornis, 353, 354 
Ichthyosaurs, 340, 341 
Idaho, 157, 177, 194, 196, 198, 266, 
268 

Illinoian glacial stage, 442 
Illinois, 174, 183 
Index fossil, 36 
Indiana, 170 
Inoceramus. 330, 331 
Insectivores, 355, 494, 504 
Insects, 215, 246, 247, 336, 338, 488, 
489, 490, 536 
Interior Highland, 390 
Interior Lowland (see also Missis¬ 
sippi Basin), 124, 139, 164, 389, 

390 

Invertebrates, Proterozoic, 99; Pale¬ 
ozoic, 219-247, 260, 261; Mesozoic, 
327-338, 356; Cenozoic, 487-490; 
classihcation of, 528-536 
Inwood limestone, 91 
Inyo Mountains (California), 108, 
123, 271 

Iowa, 453 ^. 454 . 4S6, 457 
Iowan glacial substage, 442 
Irondequoit limestone, 135 
Iron ore, 83, 84, 102, 137, 144 
Ironton sandstone, 106 
Isotelus, 242 
Italy, 432, 433 

Jacalitos formation, 361 
Jackson group, 361, 363 
Java man, 511 
Jeans and Jeffreys, 57, 58 
Jefferson City dolomite, 120 
Jellyfishes, 98, 99, 220 
John Day formation, 361, 404 
Johnson, D. W., 310, 317 
Jones, R. A., 197 
Jordan sandstone, 106 
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Juniata sandstone, 120, 123 
Jurassic, period, 279-298; origin of 
name, 279; distribution of rocks. 
279; representative divisions, 280; 
description of rocks, 280-287; phys¬ 
ical history, 287-296; climate, 296; 
life, 297; economic products, 297, 
298; European, 298 

Kaibab limestone, 192, 194 
Kalkberg limestone, 148 
Karnes, 454, 455 
Kanaka formation, 162 
Kanawha formation, 174 
Kansan glacial stage, 442 
Kansas, 103, 192, 19s, 206 
Kansas City group, 174 
Kay, G. F., 474 

Kayenta formation, 280 
Keasey formation, 361 
Keefer sandstone, 135 
Keewatin ice sheet, 436, 437* 43 ^ 
Keewatin system, 68, 69-70 
Kentucky, 135 
Keokuk limestone, 161, 162 
Kettle holes, 449 
Keuper series, 278 
Keweenawan system, 68, 89 
Keyser limestone, 13s 
Kibby formation, 162 
Killarney, granite, 68, 90; Mountains, 
90, 98; Revolution, 89-90 
Kimmswick limestone, 120 
Kinderhook series, 161, 162 
Kings River Canyon (California), 

4^3 

Kittanning coal bed, i 75 i ^7? 
Klamath Mountains (California), 

425 

Knife Lake senes, 68, 72 
Knowlton, F. H., 327 
Knox dolomite, 120 
Knoxville formation, 280, 281 
Kootenai formation, 302, 304 
Kuiper, 59 

Labradorean ice sheet, 437 » 

440, 441 

La Brea tar deposit (California), 20, 
21, 506 

Labyrinthodonts, 255, 256 
La Chapelle man, 518 
Lake Agassiz, 468 


Lake Algonquin. 461, 463 
Lake Bonneville, 402, 403, 404 
Lake Champlain, 466 
Lake Chicago, 459, 460, 461, 462 
Lake Duluth, 461, 462 
Lake Erie, 458, 464 
Lake George, 466 
Lake Iroquois, 461, 463 
Lake Lahontan, 402, 403 
Lake Louise shale, 106 
Lake Lundy, 461, 462 
Lake Maumee, 459, 460 
Lake Ontario, 458, 464 
Lake Payette, 406 
Lake Saginaw, 460 
Lake Superior region, Archeozoic, 69- 
75; Proterozoic, 87-90; iron ore, 

lOI 

Lake Warren, 460, 461 
Lake Whittlesey, 459 > 460 
Lake Winnepeg, 466, 468 
Lampasas series, 174, i 77 
Lancelels, 248 
Lansing group, 174 
La Place, 54 
Lapworth, 118 

Laramide Revolution, 3 * 3 " 3 i 5 
Laramie, group, 302, 306; Range, 80, 
314. 394; River, 396 
Lassen Peak region, 409, 410, 411 
Laurels, 327, 484 

Laurentian, granite, 68 , 70 " 7 i> 72; 

Revolution, 70-71 
Lead, 116, 132 
Le Conte, J., 335 . 353 
Lee formation, 174 
Legend, geologic, 33 
Lemuroids, 508 
Lemurs, 507. 508 
Leonard series, 192, 193 
Lepidodendrons, 2 i 4 » 2 is> 210, 21 
321 

Lepidophytes, 214, 216, 217, 321. 

526, 527 ^ , 

Lewis thrust fault, 314 

Lexington limestone, 120 

Licking Creek limestone, 148 

Lignite, 429, 431, 432 

Lilley formation, 135 

Limestone quarries, 132, I 43 , i 59 . 

170, 188, 319 

Limnoscelis, 215 
Lincoln formation, 361 
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Lincolnshire limestone, 120 

Lingulella, 230 

Lithographic limestone, 298 

Lithostrotion, 225 

Lizards. 352 

Llajas formation, 361 

Llanoria, 158 

Lobsters, 336. 337, 535 

Lockport dolomite, 135, 137 

Lodi shale, 106 

Loess. 442. 456, 457 

Lone Camp group. 174 

Long Island, 449 

Lorraine shale, 120, 123 

Louisiana. 319. 428 

Loup Fork formation, 361, 368 

Lowerre quartzite, 91 

Lowville limestone, 120 

Lucas dolomite. 148 

Ludlowville formation, 148 

Lulbegrud shale, 135 

Lull, R. S., 499-501 

“Lung fishes.” (See dipnoans) 

Luning formation. 266 

“Lustre fishes.” (See ganoids) 

Lyell, C., 359 

Maccrady formation, 162 
Maclurea, 234 
Maclurites, 234 
Madagascar, 507 
Madison formation, 106 
Madison limestone, 162, 163, 164 
Magdelenian age, 509 
Magnolias, 327, 484 
Magnus, A., 21 
Magothy formation, 302 
Maidenhair tree. (See ginkgo) 
Maine. (See New England) 
Malacostracans, 336, 337 

. ^ 354-355; Cen- 

ozoic, 493-522 

Mammoth coal bed, 175, 185 
Mammoths, 499, 501, 502, 503 
Man, evolution of, 28-29; geologic 
history of, 508-522 
Mandato shale, 148 
Manganese, 132 
Manhattan schist, 91 
Manitoulin shale, 135 
Mankato glacial substage. 442 
Manlius limestone, 135, 138 


Manmaton group, 174 
Mansfield, G. R., 262 
Maples, 327, 484 
Maplewood shale, 135 
Maps, geologic, 32, 33 
Maps (showing rock distribution in 
North America), Archeozoic and 
Proterozoic, 67; Cambrian, Ordo¬ 
vician, and Silurian, 104; Devo¬ 
nian. Mississippian, and Pennsyl¬ 
vanian, 147; Pennsylvanian in 
eastern North America, 173; coal 
fields in United States, 188; Per¬ 
mian, 190, 293; Triassic and Juras¬ 
sic, 265, 293; Cretaceous, 300; 
Cenozoic strata, 360; Cenozoic 
volcanics, 370; Pleistocene gla¬ 
ciers, 436 

Maps (paleogeographic of North 
America), 50, 51; Late Protero¬ 
zoic, 97; Cambrian. 113, 114; 
Ordovician, 125,126; Silurian, 141; 
Devonian, 152, 154; Mississippian, 
166; Pennsylvanian, 180, 181; Per¬ 
mian, 197; Triassic, 273; Jurassic, 
287, 289; Cretaceous, 308, 309; 
Cenozoic, 378, 379, 380, 381 
Maquoketa shale, 120 
Marathon disturbance, 186 
Marble quarries, 84, 102, 132 
Marcellus formation, 148 
Mariposa slate, 280, 281 
Marjum formation, 106 
Marsupials, 354 
Martinez formation, 361, 372 
Martinsburg shale, 120, 123 
Maryland, 79, 90, 91 
Maryville limestone, 106 
Massachusetts. (See New England) 
Mastodons, 498, 499, 500, 501, 502, 

503 

Mastodonsaurus, 339 
Matawan formation, 302 
Matherella, 234 
Matilija sandstone, 361 
Matthew, W. D., 349 
Mauch Chunk group, 161, 162 
Maynardsville limestone, 106 
Maysville group, 120 
Mazatzal Revolution. 80 
McBean group, 361 
McKenzie formation, 135 
Medicine Bow Mountains, 93 
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Medinan series, 135, 136 
Meganos formation, 361 
Megatherium, 504 
Member, of formation, 30 
Menzel, 480 
Meramec series, 162 
Mesohippus, 496 
Mesozoic life, 321-357 
Mesozoic rocks and physical history, 
264-320 (see also various periods 
of Mesozoic era) 

Metasequoias, 487 

Mexico, 196, 293, 303, 310, 315, 319. 
426 

Mexicoia, 114, 115. 125 
Michigan, 72, loi, 102, 138, 142, 144, 
166, 170, 187 
Microsaurs, 256 

Mid-continent oil field, 133. 188 
Midway group, 361 
Millsap group, 174 
Mindel ice sheet, 477 
Minnesota, 70, 83, loi, 522 
Miocene epoch, 358. 359. 363. 

368, 372, 373 . 374 . 380 
Mission Canyon limestone. 162 
Mississippian, period, 160-170; ori¬ 
gin of name, 160; distribution of 
rocks, 160, 161; representative di¬ 
visions, 161, 162; description of 
rocks, 161-165; physical history. 
165-169; climate, 169; life. 169; 
economic products, 170J European, 
170 

Mississippi Basin (see also Interior 
Lowland), 123, 134, 135 . ^40. 151. 
161, 164, 178, 199, 442, 443. 445 
Missouri, 120, 170, 174 
Missouri series, 174, i 75 
Modelo formation, 361, 373. 374 
Moenkopi formation, 266, 268 
Mohave Desert, 80, 369, 401. 402 
Mohawkian series, 120 
Mohawk Valley, 461, 463 
Molds, of fossils, 13, 14 
Mollusks, 233-238, 261, 329-336, 487, 

488, 534 . 535 
Mongolia, 348, 349 
Monkeys, 508 
Monmouth formation, 302 
Monocotyledons, 527 
Monongahela series, i 74 . ^ 75 . ^70 
Monotremes, 354, 355 
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Montana, 164, 314, 315, 316, 320. 
345 

Montana series, 302, 304 
Monte de Oro group. 280 
Moraines, terminal, 449; recessional, 
449; ground. 451. 453 
Moreno group, 302 
Morrison formation. 280, 286 
Morrow group. 174 
Mosasaurs. 340. 34 i. 342 
Moscow formation, 148 
Mother Lode (California), 295, 297 
Moths, 338 

Moulton. F. R., 55, 56 
Mt. Adams, 407, 408 
Mt. Baker, 40S 
Mt. Hood, 408, 439 
Mt. Mazama, 408. 410 
Mt. Rainier, 40S, 439 
Mt. St. Helens. 407. 408 
Mt. Shasta, 406. 408, 439 
Mt. Simon sandstone. 106 
Mt. Whyte formation, 106 
Mousterian age. 509. 516 
Murchison, R., 103. 118, 134, 146, 
190 

Muschelkalk series, 277, 278 
Musk ox. 506 
Myriapods, 245, 536 

Nanjemoy group, 361 
Naosaurus, 257 
Naples group, 148, 150 
Natural selection, 27 
Nautiloids, 236, 237, 238, 33 L 487 
Nautilus, 331, 487. 535 
Navajo sandstone, 280, 284 
Navarro group, 302 
Neanderthal man, 509, 5 I 4 - 5 I 9 
Nebraska, 306 

Nebraskan glacial stage, 442 

Nebula, 54. 55 . 56 
Nebular hypothesis, 54, 55 
Neolithic, age and man, 509, 5^9 
Neroly formation, 361 
Nevada, 151, i 94 . 196, 198, 266, 270, 

271 

Nevadan Revolution, 294-296 
Newark series, 266, 267, 271, 272, 

273, 274. 277 

New Brunswick, 139, 141. ^ 55 . 

162, 168, 188, 195 

New Design group, 162 
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New England, Paleozoic, 123, 124, 
128, 130, 131, 132, 139, 140, 141, 
151, 155. 181, 194, 195; Mesozoic, 
266. 267, 268, 272, 273, 274. 347; 
Cenozoic, 383, 387, 441, 443, 452, 
454, 465, 473 

Newfoundland, 124, 128, 139, 141, 


195 

New Hampshire. (See New Eng¬ 
land) 

New Jersey, 267, 294. 301. 302, 449 

New Market limestone, 120 

New Mexico. 180. 190, 192, 193. 

319- 391. 522 

New Red sandstone. 266 
New Scotland limestone, 148 
New York, Archeozoic. 71, 75, 76, 
77, 78, 84; Proterozoic, 90-91; 
Cambrian, 107; Ordovician, 118. 
119, 120, 122, 123, 126, 130; Si¬ 
lurian, 134, 135, 136, 137, 138, 
139, 142, 144; Devonian, 146, 148, 
149, 1SO1 151. 152, 154; Triassic, 
274, 276; Cenozoic, 3S3. 384, 387, 
388, 389, 440, 441, 443, 446, 450. 
451, 454 , 455 , 465, 466, 467, 468, 
473 


Niagara, Falls, 137, 461, 468, 469, 

470, 474, 475; Gorge, 468, 469 
Niagaran series, 135, 136, 137 
Nickel, 102 


Niobrara chalk, 302, 306 
Nipissing Great Lakes, 464 
Nippewalla group, 192 
Nittany dolomite, 120 
Nolichucky shale, 106 
Non-conformity, 41, 42 
North America, map showing politi¬ 
cal and physical divisions, 63 
North Carolina, 128, 266, 275, 277 
302, 310, 362, 384 
Norton, W. H., 6, 339, 457, 521, 522 

Norway 100, 145, 478 (see also 
Scandinavia) 

Notch Peak formation, 106 
Novaculite, 159 

Nova Scotia, 139, 141, 151, 155, 162, 
168, 178, 183, 188, 195 
Noyes, A., 20 


Nummulites, 432, 487 


Oaks, 327, 484 
Ocala limestone, 361 


Ocean basins and continents, rela¬ 
tions of, 44-51 
Ochoa series, 192, 193 
Ocoee series, 91 
Octacoralla, 222, 328 
Odontopteryx, 491 
Ogallala group, 361, 368 
Ohio, 135, 148, 170 
Ohio shale, 148 
Ohio V’alley. 120, 123 
Oil. 133, 144, 158, 170, 188, 205, 319, 
428, 429, 430 

Oklahoma, 133, 139, 165, i68, 170, 
177, 185, 206, 522 
Oldham limestone, 135 
Old Red sandstone, 158, icq, 253 
Olenellus, 105, 241 
Olentangy shale, 148 
Oligocene epoch, 358, 359, 361, 363, 
372, 373. 379 

Oneida conglomerate, 135, 137 
Onondaga limestone. 148, 150 
Ontario, 69, 70, 71, 72, 73, 83, 84, 
87, 88, 89, 100, 102, 126, 437, 438, 
453. 454 

Oolitic system, 279 
Ophileta, 234 
Ophiuroids, 533 
Oquirrh limestone, 177 
Ordovician, period, 118-133; origin* 
of name, ii8; distribution of rocks, 

118, 119; representative divisions, 
119; description of rocks, 120-124; 
physical history, 125-131; climate, 
131; life, 131, 132; economic prod¬ 
ucts, 132, 133; European, 133 
Oregon, 367, 371, 404, 408, 409 
Oregon limestone, 120 
Oriskany sandstone, 148, 149 
Ornithpods, 340, 345 
Orr formation, 106 
Orthoceras, 235, 238 
Orthoceratites, 235, 236, 237 
Orthodesma, 233 
Osage series, 161, 162 
Osteolepis, 250, 253 
Ostracoderms, 247, 248, 249, 253, 536 
Ostracods, 243 
Ostrea. (See oysters) 

Oswayo group, 148 
Oswego sandstone, 120, 123 
Ottawa River, 463, 464, 475 
Otter formation, 162 
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Ottoia, 229 

Ottumwan glacial epoch, 442 
Ouachita, Disturbance, 168; geosyn¬ 
cline, 157-158, 183; Mountains, 
151, 158, 164, 165, 168, 178, 185, 
204, 390; Revolution, 185, 186 
Overwash (or out wash) plains, 449 
Owens Valley (California), 399 
Oysters, 330, 331, 487, 488, 490, 534 
Ozark region, 120, 390 

Pacheco group, 302 
Pachycrommium, 489 
Pacific Coast, Triassic, 270, 275, 276; 
Jurassic, 280-283, 287-291; Creta¬ 
ceous, 307, 312; Cenozoic, 36 

372-377, 489 

Paine limestone, 162 

Paleaster, 228 

Paleoanthropus, 511 

Paleocene epoch, 358, 359 , 3 ^^, 3^2, 

363, 365. 372 

Paleogeographic maps, 50- , 5 ^ (see 
also maps, peleogeographic) 
Paleogeography, 50-52 
Paleolithic, age, 509; man, 510-519 
Paleontology, defined, 12 
Paleophonus, 245 

Paleozoic life, 207-263; general con¬ 
siderations, 207-210; plants, 210- 
219; invertebrates, 219-247; verte- 
tebrates, 247-258; summary of, 
258-263 

Paleozoic rocks and physical history, 
103-206 (see also various Paleozoic 
periods) 

Palestine, 519 
Palisades Disturbance, 276 
Palisades of the Hudson, 274 
Pamelia limestone, 120 
Palms, 327, 483, 484 
Panoche group, 302 
Paradoxides, 105, 241 
Paricutin, 426 
Pascagoula clay, 361 
Paskenta group, 302, 307 
Patapsco formation, 302 
Patriofelis, 503 
Patuxent formation, 302 
Pedee group, 174 
Peebles dolomite, 135 
Peking man, 509 
Pelagiella, 234 


Pelecypods, 231, 233, 237, 329-331, 
534 

Pelmatozoans, 531, 532, 533 
Pelycosaurian, 257, 258 
Pemphix, 337 

Peninsular Ranges (California), 420, 
422, 423, 424 

Pennsylvania. 123, 132, 150, 151, 

154, 172, 173, 174. 175. 176, 183, 
184, 185, 187, 188, 201, 203, 317, 

386, 452 

Pennsylvanian, period, 172-188; ori¬ 
gin of name, 172; distribution of 
rocks. 172, 173; representative di¬ 
visions, 173, 174; description of 
rocks, 173-179; physical history, 
179-186; climate, 186, 187; life, 
187; economic products, 187-188; 
European, 189 
Pentacrinus, 328 
Pentamerus. 232 
Peorian loess, 442 
Period, geologic, 8, 9 
Perissodactyls, 494, 495, 496, 497 
Permian, period, 190-206; origin of 
name, 190; distribution of rocks, 

190- 191; representative divisions, 

191- 192; description of rocks, 192- 
196; physical history, 196-204; cli¬ 
mate. 204-205; life, 205; economic 
products, 205, 206; European, 206 

Peters Creek schist, 91 

Petrifaction, 15, 16, 486 

Petrified forests, Arizona, 325, 326; 

Yellowstone Park, 484, 485 
Petroleum. (See oil) 

Petterson. 46 
Phenacodus, 494, 495 
Phosphate, 132, 159, 431 
Phyla, 525 

Pico formation. 361, 374, 376 
Piedmont Plateau, 79, 90, 91, 102, 

19s. 316, 3i7> 318, 387 

Pierre shale, 302 
Piltdown man, 509, 510 
Pioche formation, 106 
Pioneer group, 302 
Pitar, 489 

Pithecanthropus, 509, 511, 512 
Pitt shale. 266 

Pittsburgh coal bed, 175, 176, 185 
Pittsford shale, 135 
Placentals, 354. 355 
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Placenticeras. 333 
Planetesimal hypothesis, 55-57 
Planets. 53 
Plattin limestone, 120 
Plants. Archeozoic, 83; Proterozoic, 
98-100; Paleozoic, 210-219, 260; 
Mesozoic, 321-327, 356; Cenozoic, 
480-487; classihca^ion of, 525-527 
Pleasanton group, 174 
Pleistocene (Glacial) epoch, many 
references to, 358-481. (See Pleis¬ 
tocene glaciation) 

Pleistocene glaciation. 435-481; fact 
of Ice Age, 435; Ice extent and 
centers. 436-439; directions of 
movement and depth of ice, 440, 
441; successive ice invasions, 442- 
444; ice erosion, 445-448; glacial 
deposits. 448-456; loess deposits, 
456-457; Great Lakes history, 457- 
465; other existing lakes, 465, 466; 
extinct glacial lakes, 466-468; 
drainage changes, 468-471; changes 
of sea level caused by, 471; gen¬ 
eral effects of, 471-473; duration 
of glacial epoch, 473-475; length 
of post-Glacial time, 474, 475; 
time since climax of last ice sheet. 
476; Glacial epoch in Europe, 476- 
478; cause of glaciation, 478-481 
(various hypotheses) 

Plesiosaurs. 340, 341 
Pliocene epoch, 358, 359, 361, 364, 
368, 374, 381 
Plum Brook shale, 148 
Plum Creek shale, 135 
Pocono sandstone, 161, 162 
Poplars, 484 

Porifers, 220, 237, 260, 328, 487, 

529 

Portage formation, 148, 150 
Port Ewen limestone, 148 
Portneuf limestone, 266 
Post-Glacial epoch. (See Recent 
epoch) 

Potash deposits, 192, 206 
Potomac River, 384, 385 
Potomac series, 301, 302 
Pottsville series, 173, 174, 176 
Powell limestone, 120 
Prairie Bluff formation, 302 
Pre-Chellean age, 509, 510 
Primates, 495, 507-522 


Proboscidians, 494, 498-503 
Prodryas, 490 
Productus. 232 

Prospect Mountain quartzite, 106 
Proterozoic, era, 68, 85-102; nature 
of rocks, 85-86; distribution of 
rocks, 86; subdivisions of rocks, 
87; Lake Superior—^Lake Huron 
region, 87-90; Eastern Highland 
region, 90-92; Rocky Mountain re¬ 
gion, 92-93; Grand Canyon, 94, 
95; California, 95, 96; correlation 
of the rocks, 96; seaways, 96, 97; 
close of, 98; life of, 98-100; cli¬ 
mate, 100; economic products, 
101-102; foreign, 102 
Protohippus. 496 
Protorohippus, 496 
Protozoans, 219, 220, 260, 327, 328, 
487, 528, 529 
Prout limestone, 148 
Providence formation, 302 
Pseudodiadema, 329 
Psilophytales, 212, 213 
Psilophyton, 213, 214 
Ptarmigan formation, 106 
Pteranodon, 340, 351 
Pterichthys, 248, 253 
Pteridophytes, 217, 321, 526 
Pteridosperms, 215, 217, 321 
Pterosaurs, 324, 340, 350, 351 
Pterygotus, 241 
Puget Sound, 417 
Put-in-Bay dolomite, 135 
Pyrenees Mountains, 432, 477 

Quartermaster group, 192 
Quaternary period, 358, 359, 361, 

364, 370, 374. 375 
Quebec, 71, 77, 124, 128, 151, i 5 S 
Queenston shale, 120, 123 
Quicksilver, 298 

Radioactivity and geologic time, 
10 

Radiolarians, 219, 528 

Rainbow Natural Bridge, 284, 288 

Raisin River dolomite, 135 

Rankama, K., 83 

Raritan formation, 302 

Raymond, P. E., 18, 19, 209-210, 523 
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Recapitulation, Law of, 26 
Recent (post-Glacial) epoch, many 
references to, 358-481 
Red Beds, Paleozoic, 163, 168, 192, 
193, 194, 195, 197, 198, 206; Mes¬ 
ozoic, 267, 269, 270, 275, 276, 277, 
284, 291, 297 
Red Bluff clay, 361 
Redwall limestone, 163 
Redwoods. (See sequoias) 

Reeside, J. B., 30 

Reindeer, 506 

Relief quartzite, 162 

Repetto formation, 361, 374 

Reptiles, 215, 257, 258, 259, 339 * 352 . 

491. 536 

Reynales limestone, 135 
Rhamphorhynchus, 340, 350 
Rhinoceroses, 497 
Rhizocarps, 213 

Rhode Island. (See New England) 

Rhodesia, 519 

Rhodocrinus, 227 

Ribult shale, 135 

Richmond group, 120 

Ridgeley sandstone, 148 

Rincon shale, 361 

Ripley formation, 302 

Riss ice sheet, 477 

Roan gneiss, 80 

Rochester shale, 13s 

Rock scale, 8 

Rock unit, 31 

Rock formations, 8, 30-43; defini¬ 
tion, 30; nature and naming of, 30, 
31; distribution of, 31, 32; maps, 
sections, and symbols showing, 32- 
34; age determination of, 35 - 37 ; 
correlation of, 37-41; unconform¬ 
ities, 41-43 

Rockies, Ancestral, 186, 197 
Rockland limestone, 120 
Rock River (Illinois), 470, 471 
Rocky Mountain National Park, 313, 

393 . 439 . 447 . . . 

Rocky Mountain region, Archeozoic, 

79, 80; Proterozoic, 92, 93; Cam¬ 
brian, 106, 107, 108, 109, 112; 
Ordovician, 123; Mississippian, 
163; Pennsylvanian, 177; Juras¬ 
sic, 280; Cretaceous, 302, 304-306, 
311. 312, 313. 314, 31s; Cenozoic, 
392-397, 439 


SSI 

Rocky Mountain Revolution, 313- 

31S 

Rodents, 494, 504 
Rogersville shale, 106 
Rome formation, 106 
Romer, A. S., 522 
Rondout limestone, 135, 138 
Rose Hill shale, 135 
Ross Fork formation, 266 
Russia, 117, 144, 159. 170, 190, 206, 
278 

Rutledge limestone, 106 


Saber-toothed tigers, 506 

Sabine formation, 106 

Ste. Genevieve limestone, 162 

St. Louis limestone, 162 

St. Lawrence Valley, 389, 440, 445, 

463 

St. Mary’s formation, 361 
St. Peter sandstone, 120 
St. Piran sandstone, 106 
Salamanders, 536 
Salem limestone, 162 
Salina group, 135, 138, 142, 144 
Salisbury, R. D., 48 
Salt, 131, 138, 142, 144, 166, 170, 
192, 194, 196, 197, 198, 205, 206, 

277. 432 

Salt domes. 428 

San Andreas fault, 416, 422, 424, 

425 

San Bernardino Mountains (Cali¬ 
fornia), 420 

Sandstone quarries, 116, 143, 159, 
170 

San Francisco Bay region, 425 
San Gabriel Mountains (California), 
81, 420, 421 

Sangamon interglacial stage, 442 
Sangre de Cristo Range, 80, 314 
San Jacinto Mountains (California), 
420 

San Joaquin formation, 361 

San Juan, Mountains, 394; River, 

398 

San Juan tuff, 367, 394, 395. 39 ° 

San Rafael series, 280 
Santa Fe formation, 361, 368 
Santa Margarita formation, 361 
Santa Susana formation, 361 
Saugus formation, 361, 375 
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Sauquoit formation, 135 
Sauropods, 340, 341, 342, 343, 346 
Scandinavia, 84, 102, 117, 144, 434, 

Schofield, S. J., 155 
Schoharie sandstone, 148 
Schooley peneplain, 386, 387 
Schuchert, C., 115 
Scorpions, 243, 245, 535 
Scotland, 84, 102 

Scott. W. B., 17, 36, 341, 3S5, 434, 
494 

Sea, transgressions and retrogres¬ 
sions of, 47, 48 

“Sea cucumbers.” (See holothu- 
roids) 

“Sea lilies.” (See crinoids) 

“Sea mosses.” (See bryozoans) 

Sea serpents. (See mosasaurs) 

“Sea urchins.” (See echinoids) 
Seaweeds. 210, 211, 212. 236 
Sections, geologic, 33, 34, 35; struc¬ 
ture, 33; columnar, 34 
Sedalia limestone, 162 
Sedgwick. A., 103, 118, 146 
Seed ferns. (See pteridosperms) 
Seed plants, 527-528 
Seedless plants, 525-527 
Selachians, 247, 249, 250, 490, 491 
Selma chalk, 302, 303, 310, 311 
Seneca series, 148, 150 
Sequoias, 325, 484, 485, 486, 487, 488 
Series, geologic, 8 
Sespe formation. 361, 373 
Setter’s quartzite, 91 
Seward, 212 
Seymouria, 259 
Shady dolomite, 106 
Sharks. (See selachians) 

Shasta series, 302, 307 

Shawangunk conglomerate, 135, 137 

Shawnee group, 174 

Sheep, 498, 499 

Sherman Falls limestone, 120 

Shimer, H. W., 45 

Shinarump conglomerate, 266, 268, 
270 

Shriver chert, 148 
Shuler formation, 280 
Sial, 60, 61 

Sierra Nevada, batholith, 282, 292; 
fault, 399, 412, 413, 414; Range, 
163, 165, 195, 270, 280, 281, 282, 


292, 294-296, 297, 312, 409-413» 
439 . 443 

Sigillarians, 214, 215, 216, 217, 321 
Silurian, period, 134-145; origin of 
name, 134; distribution of rocks, 

134. 13s; representative divisions, 

135. 136; description of rocks, 
136-140; physical history, 140- 
143; climate, 143; life, 143; eco¬ 
nomic products, 144; European, 

144-145 

Silver, 102 
Sima, 60, 61 
Simi conglomerate, 361 
Sinanthropus, 512, 513 
Siouxia. 114, 115 
Skaneateles formation, 148 
Slate quarries, 102, 116, 132 
Sloths, 504, 506 
Smackover limestone, 280 
Smith, W., 22, 279 
Smithville limestone, 120 
Smithwick group, 174 
Snails. (See gastropods) 

Snake River, 405 
Snakes, 352, 536 
Sodus shale, 135 
Solar system, 53-59 
Solenhofen limestone, 298, 352 
Solutrean age, 509 
Somerville surface, 385, 388 
South Dakota, 268, 367, 391 
Spain, 159, 278, 519, 520 
Species, 525 
Speimatophytes, 526 
Spiders, 245, 246, 535 
Spirifer, 232 
Sponges. (See porifers) 

Springfield dolomite, 135 
Squids, 488, 535 

“Starfishes.” (See echinoderms) 
Stegocephalians, 255 
Stegosaurs, 340, 343, 344 
Stephen formation, 106 
Stonehenge limestone, 120 
“Stone lilies.” (See crinoids) 

Stones River group, 120 
Strabo, 20 

Stratigraphy, defined, 30 
Strawn series, 174, 177 
Streptelasma, 222 
Stropheodonta, 232 
Sudbury series, 68, 72 



INDEX 


Sulphur, 319 

Summerville formation, 280 
Sumner group, 192 

Sun, S3, 54 i 55 , 56, 57 . 58, 59 
Sundance formation, 280. 286 
Sunspot hypothesis (of glaciation), 
479-480 

Supai sandstone, 192, 194 
Superposition, order of, 36 
Survival of fittest, 27 
Susquehanna River, 384, 385 
Suwanne limestone, 361 
Swamps, Dismal, 183; Great Suma¬ 
tra, 183 

Swasey formation, 106 
Sweden, 478 
Switzerland, 159, 432 
Symbols, geologic, 34 
Syracuse salt, 135, 138 
System, rock, 8 

Table Mountain (California), 412 
Taconic, Mountains, 130, 131; Rev¬ 
olution, 130, 131 
Tampa limestone, 361 
Tarr, R. S., 458 
Tarsius, 508 
Tasmanian, 516 
Tatow limestone, 106 
Taylor marl, 302 
Tazewell glacial substage, 442 
Tejon formation, 361 
Teleosts, 249, 252, 338, 490, 491 
Telluride conglomerate, 367 
Temblor formation, 361 
Tennessee, 121, 132 
Tensleep sandstone, 179 
Terebratula, 329 

Tertiary period, origin of name, 358, 
359; many references to, 358-434 
Teton Range, 79, 80 
Tetrabeledon, 499 

Tetrabranchs, 235, 236, 237, 238, 

239, 331-335. 535 
Tetracoralla, 222, 224 
Tetragraptus, 221 

Texas, Ordovician, 133; Pennsyl¬ 
vanian, 174, 188; Permian. 190, 
192, 193, 194, 196, 205, 206; Ju¬ 
rassic, 280; Cretaceous, 302, 303, 
310, 319, 346, 348; Cenozoic, 362, 
363, 364, 428, 522 
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Thallophytes, 99, 210, 211, 212, 321, 

525. 526 

Theriodonts. 251, 340 
Thermopolis shale, 302, 304 
Theropods. 340, 344. 345 
Thomson, J. A., 25, 26, 27 
Thorold sandstone, 135 
Thrifty group, 174 
Thrimax, 483 
Tightner formation, 162 

Till, 451. 453 . . ^ 

Time, geologic. (See geologic time) 
Time, scale. 8; unit. 31 
Timiskaming system, 68 , 71-73. 74 
Timothy sandstone, 266 
Tomstown dolomite, 106 
Tonoloway limestone, 135 
Torridon sandstone, 102 
Toxaceras, 333 

Tracks, of animals. (See foot¬ 
prints) 

Trail formation, 280 
Tremataspis, 248 

Trenton group, 120, 122, 123, 124, 
126, 127 
Trent marl, 361 
Trent River, 461, 463, 475 
Triarthus, 242 

Tnassic, period, 264-278; origin of 
name, 264; distribution of rocks, 
265, 266; representative divisions, 
266; description of rocks, 266-271; 
physical history, 271-276; climate, 
276, 277; life, 277; economic prod¬ 
ucts, 277; European, 277-278 
Tribes Hill limestone, 120 
Triceratops, 340, 344, 345 
Trilobites, 19, 231, 236, 239, 240, 
241, 242, 243, 535 
Trinity group, 302 
Trinucleus, 242 
Trocheras, 235 
Trocholites, 235 
Troostocrinus, 226 
Tuffs. (See volcanic rocks) 

Tulare formation, 361, 375, 41? 
Tully formation, 148 
Turritella, 489 
Turtles, 352 

; Tuscaloosa formation, 302 
Tuscarora sandstone, 135, 136 
Twin Creek limestone, 280, 286 
Tylosaurus, 342 
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Tymochtee shale, 135 
Tyrannosaurus, 345 
Tyrone limestone, 120 


Uinta, formation, 361, 367; Moun¬ 
tains, 93, 314, 397 
Uintatherium, 493 
Ulsterian series, 148, 149 
Unconformities, 41-43 
Unkar series, 95 
Uranium ore, 84 

Utah, Proterozoic, 93, 101; Cam¬ 
brian, 106, 109; Silurian, 123; 

Devonian, 151; Pennsylvanian, 
182; Permian, 194, 195; Triassic. 
267, 270, 275; Jurassic, 283, 284, 
285, 286, 288; Cretaceous, 319, 
348; Cenozoic, 365, 366, 396, 397, 
404 

Utica shale, 120 


Valcour limestone, 120 

Valley train, 450 

Van Buren dolomite, 120 ** 

Vaqueros formation, 361 

Variscan Revolution, 171, 189, 206 

Varves, 476 

VeneU, 435 

Ventura Basin, 361, 373, 417-420 
Ventura geosyncline, 417-420 
Vermes. (See worms) 

Vernon shale, 135 

Vertebrates, Paleozoic, 247-258, 261; 
Mesozoic, 338-356; Cenozoic, 490- 
524; evolution of (chart showing), 
492; classification of, 536 
Vicksburg limestone, 361 
Vinci, Leonardo da, 21 

Virginia, 128, 139, 170, 202, 266, 
267, 277 

Vishnu system, 80 
Vitis, 327 

Volcanic activity, Archeozoic, 68, 69, 
73 . 77; Proterozoic, 87, 89, 90 91*’ 
Ordovician, 124, 128; Silurian, 

139. 141, 142; Devonian, 151, 155; 
Mississippian, 165, 167, 168; Per¬ 
mian, 196, 198, 206; Triassic, 272, 
274, 275; Jurassic, 281, 282, 288; 
Cretaceous, 306, 310, 312, 315; 
Cenozoic, 367, 369. 370, 375, 376, 
391. 394. 395, 400, 401, 404, 405, 


406, 407, 408, 409, 410, 411, 412, 
413, 425, 426, 432, 433, 434 
Volcanic dust hypothesis (of glacia¬ 
tion), 481 


Waagenoceras, 239 

Wabaunsee group, 174 

Waccamaw group, 361 

Waco limestone, 135 

Walcott, C. D., 211 

Walcott limestone, 135 

Walrus, 506 

Warsaw limestone, 162 

Wasatch formation, 361, 365, 366 

Wasatch Mountains, 93, 109, 399 

Washington, 405, 407, 472 

Washita group, 302 

Watkins Glen (New York), 468 

Watts, W. W., 6 

Waucobian series, 106 

Waynesboro formation, 106 

Weeks formation, 106 

Weevil, 490 

Wegener, A., 46 

Weizsacker, 59 

Weller, 20 


Wellsburg formation, 148 

Wells limestone, 177 

Western Interior, 267, 268, 275, 276, 

292, 36I, 365 

West Indies, 434 

West Virginia, 105, 148, 170 

Whales. (See cetaceans) 

Wheeler formation, 106 
Whipple, 58 

Whirlpool sandstone, 135 

Whistle Creek limestone, 120 

Whit group, 174 

White, D., 173 

Whitehorse group, 192 

White River group, 361, 367 

Wilcox group, 361, 362 

Williamson shale, 135 

Willis, B., 100 

Willows, 484 

Williston, S. W., 256 

Wills Creek shale, 135 

Wind River Range, 80, 93, 163, 314 

Wingate sandstone, 280, 282 

Wisconsin, loi, 102, 140, 444, 445 * 


, 454 , 455 

Wisconsin glacial stage, 442, 453 
Wissahickon schist. 91 
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Wissler, C., 521 
Wichita group, 192 
Wolfcamp series, 192, 193 
Wolves, 506 
Wood shale, 266 
Woodbine sand, 302 
Woodhurst limestone, 162 
Woodside formation, 266 
Woodward, A. S., 513, 517 
Worms, 228, 229, 533 
Worthenella, 229 
Wurm ice sheet, 477 
Wyoming, 79, 163, 179, 188. 194, 
195. 319, 343 , 366, 396, 397 , 491 


Xenophanes, 20 


Yarmouth interglacial stage, 442 
Yellowstone National Park, 394, 484 
Yorktown formation, 361 
Yosemite, National Park, 292; Val¬ 
ley, 446, 447, 448 

Zeuglodons, 505 
Zinc, 132, 170 

Zion Canyon, frontispiece and, 270, 
283, 284, 285 
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